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ABSTRACT
Limited access to electricity remains a primary constraint to economic growth and
the improvement of livelihoods throughout sub-Saharan Africa. In rural areas, electricity
access is especially sparse. The reasons for the scarcity of electricity supply in the region
are well documented, with low population density, limited household incomes, and poor
regulatory institutions compounding to often make the investment of expanding
electricity access result in poor or risky economic returns. However, the declining cost of
solar PV and mandates for clean energy development throughout the region have created
new channels for bringing electricity supply in potentially more cost-effective ways.
Despite these macro trends, understanding the factors that influence adoption of a new
technology at the household level remains essential. Without this understanding, policy
cannot be properly designed to enable clean, renewable electrification for the millions
currently deprived of this basic 21st century resource.
This thesis is composed of two articles. First, an econometric regression model
was constructed using the World Bank Living Standards Measurement Survey (LSMS)
dataset for Tanzania from 2010-11, and 2012-13. Using Innovation Diffusion Theory as a
framework for which socioeconomic variables to test, this research assessed several
different predicative variables and their effect on household electricity adoption choice:
grid-supply, solar-supply, or no-supply. Additionally, the households that changed
electricity fuel type between years were assessed both spatially in reference to the
Tanzania electric grid, as well descriptively to assess if the Energy Transition Ladder was
present within this dataset. The Energy Transition Ladder was present with generally
more households moving “up’ the ladder towards grid-based electricity versus no
electricity and solar. However, little evidence was found to support that solar electricity
was a “step” on the Energy Transition Ladder towards grid-based electricity. The results
of the research show that the factors influencing electricity adoption are multivariant, and
diverse.
The second article focused on a reflective policy analysis between three different
rural electrification and clean energy public policy examples: The Rural Electrification
Act of the 1930s in the U.S., contemporary clean energy standards in New York (drawing
on the author’s professional experience), and contemporary clean rural electrification
efforts in Tanzania. From this reflective analysis key policy constraints were identified,
including the increased role the private sector can play in creating renewables in
participation with rural electrification efforts. The paper concludes with a summary of
lessons learned from past successful electrification policy initiatives, and discussion of
implications for future rural electrification projects in sub–Saharan Africa.
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INTRODUCTION

Sub-Saharan Africa’s energy future is tied to a dynamic and complex mix of
economics, demographics, natural resources, climate, geopolitics, and consumer
behavior. The imports and exports to this mixture simultaneously present challenges and
opportunities for all stakeholders within the region, and beyond. Between 2010 and 2018,
sub-Saharan African (SSA) GDP PPP grew $1.497 trillion in current international
dollars: almost doubling in total value (World Bank, 2020). Additionally, during the same
time frame the average annual population growth in the region was approximately 57%
greater than the average annual population growth for the world (World Bank, 2020).
Combined, these trends suggest a demographic and economic future for the world that
will be increasingly African.
However, despite some positive trends, releasing the region’s socioeconomic
potential remains hampered by a lack of widespread access to reliable, affordable, and
clean electricity. To date, the region has not attracted the necessary attention of global
and regional capital markets for energy infrastructure investment. In 2018 SSA
accounted for only 5.5% of global energy sector investment with most of this investment
going towards traditional fossil fuels, as opposed to rural grid improvements or
renewable energy (International Energy Agency, 2019). Despite data showing the
population of people living without access to electricity slightly declining in the 2010s,
to a total of 595 million in 2018, the region still only holds an electrification rate of 45%
(International Energy Agency, 2019). The majority of those without access are in rural
areas, where still 60% of SSA’s population resides (International Energy Agency, 2019).
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According to the International Energy Agency, for the continent to achieve complete and
reliable electricity supply a “fourfold increase, to around $120 billion [USD] a year
through 2040” will need to occur in investment in generation and grid infrastructure
(International Energy Agency, 2019).
How is this investment deficit filled, and the capital catalyzed, to enable for real
change within these communities? The answer is dynamic and lies in the intersection of
economics, public policy, market design, and technology. However, it is increasingly
clear that the SSA grid needs to be based off renewable energy resources for reasons of
climate, geopolitics, and economics. At times, solar PV may play an increased and,
potentially, primary role within that new system.
Geographically, sub-Saharan Africa is home to some of the most abundant solar
irradiation resources on the planet (International Energy Agency, 2019). A broad range
of research exists on alleviating energy poverty and electrifying rural communities across
the globe. In recent years, direct research in the role solar PV plays in alleviating energy
poverty and access issues has grown exponentially. However, there remains a gap in
contemporary research for understanding the multitude of variables that determine
adoption of one electrification fuel resource versus another.
The research presented in this thesis will be presented in two chapters. The first
chapter focuses on the multitude of variables that influence household electricity
adoption in Tanzania. Using iterative years of the World Bank Living Standards
Measurement Survey from Tanzania (2011-2015), the first chapter aims to answer the
following questions:
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Chapter I: Research Questions
•

How does an energy type’s compatibility with a household’s needs relate to
the choice of energy type adopted for rural electrification?

•

How does an energy type’s compatibility with a household’s value/beliefs
relate to the choice of energy type for rural electrification?

•

How does relative advantage of a technology contribute to a household’s
choice of energy type for rural electrification?

•

How is the Energy Transition Ladder represented within this population?
The second chapter focuses on the contemporary policy landscape that exists
to promote rural electrification and renewable energy generation projects in rural
Tanzania. By conducting a reflective analysis of contemporary, and historic, rural
electrification and renewable energy procurement policies in the United States and
Tanzania the chapter aims to answer the following research question:
Chapter II: Research Question

•

Drawing on past experiences, how could policy better support clean energy
technologies and rural electrification in low-income countries?
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COMPREHENSIVE LITERATURE REVIEW
1.

Electricity and Economic Development
1.1 Rural Electrification
1.2 Rural Electrification in the United States
To begin to understand and provide potential answers to the research questions
posed in this thesis, a broad understanding of the academic literature on electrification,
and rural electrification, must first be understood. While almost all the academic research
on rural electrification efforts in the 20th century lacked the ability to analyze the
distributed generation solar PV technologies we have today, the principal themes and
issues that emerged from these studies are like the themes and issues of contemporary
times.
In his 2014 book, Douglas Barnes provides a thorough review of the history of
rural electrification efforts throughout the past 75 years (2014). According to Barnes, in
simple terms, “energy policy for developing nations before 1975 basically was rural
electrification policy” (Barnes, 2014, p. 2). This was primarily due to the lack of energy
infrastructure throughout the developing world during this time period. Prior to the
1970s, rural electrification programs and studies focused on the policies of rural
electrification projects implemented by the United States during the 1930s and 1940s
(Barnes, 2014).
During the 1930s, at the height of the Great Depression, providing electricity to
rural America became a critical component of President Franklin Roosevelt’s economic
agenda for transforming the United States’ agricultural economy (Muller, 1944). In 1935,
President Roosevelt issued Executive Order No. 7037 creating the Rural Electrification
Administration (REA) with the mandate to “initiate, formulate, administer, and supervise
4

a program of approved projects with respect to generation, transmission, and distribution
of electric energy in rural areas” (Exec. Order No. 7037, 1935). In 1936, this newly
created agency of the Federal Government was given complete congressional jurisdiction
for enacting rural electrification projects with the passing of the Rural Electrification Act
of 1936 (7 USC ch. 31 § 901 et. Seq. via Person, 1950). Initially the REA was established
with two mandates to enact rural electrification: low-rate capital lending and establishing
of procedures (Muller, 1944). However, for market reasons, traditional private electric
utilities did not fully utilize the available programs and funding and the actual
implementation of most REA projects was through rural electric cooperatives working
with REA capital and guidance (Muller, 1944). The combined borrowing capacity and
administrative resources of the Federal Government with direct community ownership of
future energy use via the rural electric cooperatives was a primary reason for the United
States’ successful implementation of rural electrification.
Prior to Federal action on this issue, the socioeconomic challenges of
electrifying rural America were not dissimilar to the challenges facing contemporary
SSA. As explained by Muller, the rate of rural electrification in the pre-REA United
States did not proceed at the same rate as urban areas “primarily because private
companies [have] hesitated to enter a market which, in their view, offer[ed] few
opportunities for high returns on invested capital” (1944, p. 1). In 1930, approximately
43.8% of the United States’ population resided in rural areas (United States Census,
1930). Within this rural population, barely 10% of US farms had electric service in 1934
(Muller, 1944). According to Muller, the issue of providing electricity to the pre-REA
rural US market was both one of supply and demand “To provide electric energy
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successfully in any market, the consumer must be supplied, and he must be able to use
and pay for current” (1944, p.6). Drawing on this statement, Muller defines the unique
supply and demand side constraints listed in Table 1.0 facing rural electric consumption
in the United States Pre-REA (1944, p. 9-25).
Supply Side Constraints

Demand Side Constraints

Low population density to make utility

Rural consumers are naturally

operation profitable (Muller, 1944).

conservative, and electric consumption
changes monthly expenditure patterns. Due
to high installation costs, community
adoption of electric service was limited
(Muller, 1944).

Low load profiles making low-cost

Rural electric consumption is different than

generating plants uneconomical, creating a

urban consumption. Broken down by

mixed approach for power supply (Muller,

commercial, farm, and non-farm

1944)

consumption (Muller, 1944).
Average cash income for farms was only
$1,107 per year in 1935 with a “high
percentage of farms operating submarginally” (Muller, 1944).

Figure 1: Muller’s Supply and Demand Constraints

1.3 Consumption Pre-REA
These constraints kept rural electric consumption and demand low for most of the
6

1930s and if “only these factors were considered, few rural systems could have much
hope of expansion…” (Muller, 1944 p. 12). However, what made the REA’s
implementation possible was analyzing electric projects in the “view of economic
development” and the “conception of the future of rural power” within a community
(Muller, 1944 p. 12).
By combining socioeconomic development analysis and energy development
analysis, the REA reviewed projects that had an effective plan for capitalization,
competent technical assistance for project planning by the agency (generally the rural
electric cooperative), increasing education in consumer uses for electric power, providing
the lowest possible wholesale costs of energy, and creating systems that limit the costs of
maintenance (Muller, 1944). Through this structure, the United State made
unprecedented progress towards electrifying rural populations. By issuing over $1.8BB
USD (1949) dollars in loans over 15 years the REA increased the number of farms with
electricity to 78.2% from just approx. 10% prior to creation of the Agency (Person,
1950). Additionally, household electric usage increase on a kWh consumption per month
basis in almost all studies available in 1950 (Person, 1950).
The success of the REA should be given due consideration for the contemporary
issues of electrification in rural SSA for a variety of reasons. Primary of which are the
similar constraints on the demand and supply side of the electric consumer equation
between US farmers in pre-REA America, and 21st century SSA. Additionally, a theme of
analyzing electric planning in the realm of a broader socioeconomic development plan
should be noted. Further, emphasizing the decentralized and “local agent” model was a
key theme to organization structure. However, the REA did not have to consider one
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important constraint that sub-Saharan Africa must today: carbon emissions in fuel supply.
1.4 Electrification for Development, Positive Historic Findings
Returning to the historic timeline presented by Barnes, we turn to the emergent
socioeconomic trends found in early studies of rural electrification projects
internationally from the 1960s to mid 1980s (2014). During this time period, some of the
initial development theories and trends, which still echo the advocates for solar PV
deployment in contemporary studies, first emerged. However, after this time period,
subsequent studies began to diverge on the economic benefits that electricity brings to
populations throughout the world and alternative theories were presented.
One of the first studies to look at rural electrification projects beyond the
economics of electricity construction, was Ross’ study on the socioeconomic effects of
electrification in Colombia during the 1970s (Ross, 1972). In the study, Ross found a
relationship between greater household income and greater electricity consumption and
increased educational levels (Ross, 1972). However, Ross’ work did not cite that
electrification itself would trigger broader development but instead stated that “The
greatest contribution of cooperative rural electrification in less developed countries may
be as a prime mover in developer: as a catalyst to the desire to develop.” (Ross, 1972 via
Wasserman, Davenport, 1983).
In parallel, Francis Madigan’s work in the rural Philippines during the 1970s
showed similar trends of correlations between income, development, and electrification
(1981). In this groundbreaking work, Madigan presented three key hypotheses (1) rural
cooperative electrification is associated positively with income (2) rural cooperative
electrification is associated positively with employment in non-farm enterprises and (3)
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rural electrification is associated positively with the acceptance and use of family
planning (Madigan, 1981). By surveying villages and communities that were part of a
rural electric cooperative project, before and after electrification, Madigan found that a
positive association did exist between electrification and median income, as well as
between electrification and non-farm employment (Madigan, 1981). Despite these
positive findings, the study was unable to confirm causality between electrification
Contemporarily, a Project Impact Evaluation Report was completed by USAID in
1981 on the effects of its rural electrification initiatives in Costa Rica in the previous
decade (Goddard, 1981). This report generally reproduced the same positive correlations
found in previous studies by Ross or Madigan, and elsewhere. However, like Ross’ work
it again highlighted the degree to which electrification influences the socioeconomic
well-being of a community (Goddard, 1981). Within the Report’s key lessons a few stand
out that mirror Ross’ findings, as well as the initial findings of the REA from the 1940s:
1. “The probability of significant impact by electricity on economic growth depends
considerably on the setting of the project area;
2. As income goes up the ability to utilize rural electrification productively goes up
which in turn further raises income;
3. Rural electrification can be financially at rise until a certain degree of
development is accomplished;
4. Impact of electrification on agriculture and agro-industry can be practically
predicted according to the types of production activities taking place in the area”
(Goddard, 1981 pg. 13).
In summary, the initial findings of these reports from the 1960s through the 1970s
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showed the development community the promise of rural electrification. Despite these
positive findings, the true value of rural electrification became to be questioned by the
development community and academia. Primarily due to the large capital cost of the
investment, compared to outcomes that were difficult to measure.
1.5 Electrification for Development, Negative Historic Findings
Beginning in the 1980s, despite the positive impact findings that rural
electrification can have for communities in developing countries found from the end of
the REA to the 1970s, a growing cohort of research emerged critiquing the effectiveness
of RE projects in aid programs and developing countries’ expenditures. Summarized by
Barnes, the five major critiques of RE projects that emerged during this time were:
1. The appropriate time for implementing rural electrification projects in the
development cycle
2. Whether rural electrification programs should have a household or rural
productivity emphasis
3. Whether the rural poor benefit
4. The capital-intensive nature of investments
5. The place of RE in more general energy strategies for economic development
(2014, pg. 13).
While these critiques were primarily based on the evaluation of centralized, capital
intensive projects before the advent of distributed generation technologies like solar PV,
the questions raised are still relevant to RE projects today and provide guidance to the
research questions analyzed in the first paper of this thesis.
In addition to these five critiques, a central theme is found throughout the
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literature on rural electrification: is RE a cause of development, or vice versa? As argued
by Foley, RE “does not cause development” and electricity is a “derived demand
occurring only when an area has reached a certain economic level” (1992, pg. 145). Put
simply, electricity is not a product of development that is desired for its own purpose
(Foley, 1992). Foley continues to argue that the “context” of rural electrification is the
most important component of the development cycle (Foley, 1992). If basic
socioeconomic preconditions are not already present in an area, bringing electricity
supply to it will “not cause it to develop” (Foley, 1992 pg. 146). Citing a 1975 World
Bank paper on guiding rural electrification projects, Foley outlines a list of preconditions
to be considered when evaluating the effectiveness of a RE project:
● Quality of infrastructure, particularly roads;
● Evidence of growth of put from agriculture;
● Evidence of growing productive uses in farms;
● Number of large villages, in relative proximity;
● Income and living standards are improving;
● There are plans for developing the region;
● The region is reasonably close to the main grid (World Bank, 1975 via Foley,
1992).
The last important critique of RE presented by Foley is challenging the idea of
“pre-electrification” projects: using smaller solar PV kits to increase household or
community demand to foster the market for grid service later (Foley, 1992). These
projects, Foley argues, do not foster a growing demand for energy, but instead absorb a
large amount of cash to purchase the equipment that cannot be invested in other
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appliances later (1992, page 150). This can “trap villages” in subsistence levels of
electricity consumption (Foley, 1992). This theory of the electricity trap of preelectrification will again emerge in contemporary studies of solar PV kit deployment
discussed later in this paper.
Pearson and Webb additionally question the effectiveness of rural electrification
to foster development on its own and challenge the idea if rural electrification is “special”
in a development context (1987, page 329). One of the main problems of rural
electrification projects covered by Pearson and Webb is that most projects tend to have
multiple objective functions, and therefore cause concern on weighting of individual
objectives for consistent choices proves difficult of any period or country (1987, page
330). Simply, rural electrification projects have the tendency to discount the role of
individual decision making whether to adopt a technology or not. Rather, they tend to
view electrification as a universal good that is desired by all communities regardless of
stage of development or other pressing socioeconomic factors.
Additionally, the benefits rural electrification directly brings to the rural poor are
not straight forward (Pearson and Webb, 1987). Studies from Bolivia, Colombia, Costa
Rica, Kenya, and India during the 1970s-1980s found that rural electrification benefits
households that were “among the better off” of their respective population and that
electricity was seen as a luxury good (Nathan, Tendler, Bijort, Plunkett, Kessler via
Pearson and Webb, 1987). These gaps in equity distribution of a rural electrification
project’s benefits make direct cost and benefit comparisons of the effectiveness of a
program challenging. Therefore, Pearson and Webb citing Barnes state that rural
electrification projects “need to evaluate rural electrification programs in the context of
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how they fit into an overall strategy for rural development” (1987). This conclusion
mirrors the conclusions and project evaluation strategy pioneered by the US REA in the
1930s and 1940s: rural electrification on its own does not necessarily foster development,
however, when complemented with a development strategy for a region it can have
positive effects for a community.
In summary, the academic literature on rural electrification for much of the 20th
century (1930s to late 1980s) provides important context for rural electrification projects
deploying renewables in contemporary times. Starting with the REA in the United States,
rural electrification was directly seen to provide economic development to rural
households lacking access to the modern world. The most effective way to deploy
electrification projects was analyzing communities existing potential for development
and complementing existing trends with the additional injection of electrification. When
taken to the developing world, primarily through Western foreign aid agencies, in the
1960s-1970s early rural electrification studies found that electricity also yielded positive
benefits to rural communities previously lacking access. However, the benefits of these
projects, and their overall effectiveness was perhaps overstated and a more realistic return
to evaluating the community development potential of a region and the context of the
variables impacting local decision making are some of the most important considerations
rural electrification projects. Therefore, how both community development potential is
measured and how individual adoption are considered become critically important in
evaluating rural electrification.
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2.

Contemporary Electrification in Developing Countries
2.1 Rural Electrification in Low-Income Countries, 1990s to Present
We now turn to a review of electrification studies in developing countries in
contemporary times (contemporary times meaning the 1990s-present). The reason for this
bifurcation of the literature is due to the shifting focus to distributed generation resources
in rural electrification projects, mainly solar PV, that emerged after the 1970s and
exponentially grew in the early 2000s. A major factor in this focus on solar PV was the
reduction in the cost of solar PV as a technology during this time period, as well as
increased focus on carbon reduction strategies for sustainable development (see
Sustainable Development Goals as primary international example). The importance of
this cost reduction should not be understated in its relevance to rural electrification efforts
throughout SSA.
While the academic literature on distributed generation and renewable energy
resources is large and varied, most sources pinpoint Amory Lovins’ work “Energy
Strategy: The Road Not Taken?” as one of the pivotal pieces for launching the movement
to analyzing these resources as a primary energy development strategy. In this piece,
Lovins presented two paths for the future of energy planning and development: one path
based on policy promoting centralized high technology resources (“hard supply”
technologies), and the other based on policy promoting decentralized and renewable
technology resources (“soft supply” technologies) (1977, page 6). This work primarily
focused on the difference between the large socioeconomic and political capital resources
that are required to be devoted to developing nuclear fuel resources, versus smaller
renewable energy resources (Lovins, 1977). Set against the backdrop of the Cold War,
and the concern of nuclear proliferation, the argument to shift to other forms of energy
14

development is understandable. While the nuclear proliferation argument may be less
relevant in today’s world, with the loss of the Soviet Union, the dichotomy laid out by
Lovins for shifting to “soft” resources is still relevant in the current debate on how to
electrify rural communities sustainably.
Comparing and contrasting the two technologies, the benefits of “soft”
technologies, as argued by Lovins, are their reduction in capital complexity compared to
centralized fuel sources (making them more deployed in capital constrained areas like
developing countries), their resistant to technological dependence and monopoly, less
operating costs, lower upfront costs, and reduction in distribution losses in the energy
supply over long transmission distances (Lovins, 1977). From an economic standpoint,
these arguments make sense. How they hold up in the field, and from a socioeconomic
standpoint, is discussed below.
The first relevant study is the field research conducted by Erickson and Chapman
in the Dominican Republic in the 1990s (Erickson and Chapman, 1995). At the time of
the study, the export market was the largest section of US PV sales, with developingcountry applications being the primary driver of export demand (Erickson and Chapman,
1995). Citing Agarwal, Bartlem, and Hoffman, Erickson and Hoffman noted that the
drive for renewable energy technology at the time was more supply driven than demand
driven (Erickson and Chapman, 1995). In other words, it could be theorized that
developed country manufacturers were finding homes for their products, versus local
developing markets requesting said products. Analyzing the purchase and consumption
decisions of owners of PV kits in the Dominican Republic, Erickson and Chapman found
that the decision to install solar PV kits was “heavily influenced” by international aid
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organizations”, not on a households rational decision making process in energy supply
choices (Erickson and Chapman, 1995). While the economics of solar have changed since
the Erickson and Chapman study, it is important to consider their findings of the
relationships that international aid organizations, and other stakeholders, play in the
promotion of renewable energy resources for electrification projects and whether the
products being promoted have the largest impact on the consumers in need of electricity.
Additionally, Erickson and Chapman also produced an additional review of the
economic competitiveness of deploying PV systems as a principal means of combatting
climate change in the developing world (Erickson and Chapman, 1995). Principally due
to cost competitiveness, at the time Erickson and Chapman found it likely to be more
useful to invest in market creation in the developed world before “pushing the most
expensive energy technology upon those least able to afford it” (1995, page 15). Now that
solar costs have declined, this point proves an interesting transition to additional studies
conducted since 2000.
Writing in 2010 on a review of rural electrification projects in sub-Saharan
Africa, Bernard found that knowledge of the impact of rural electrification projects on
local communities had not changed much since the 1980s, as the impacts on
socioeconomics factors “used to justify projects, are largely undocumented” (Bernard,
2010). Reviewing data from various studies, Bernard found issue with before and after
studies of rural electrification projects as they do not adequately separate correlation with
causation when measuring things like poverty reduction or household impact as results of
electrification (Bernard, 2010). Instead, Bernard called for an increase in impact studies
that measure the effect of rural electrification on consumers, who are the final
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“beneficiaries” of any project (Bernard, 2010).
During this time period, as solar costs declined, there was discussion on the costeffectiveness of solar to be deployed in areas where the grid was seen as too costinefficient to be extended to. The contemporary discussion on the economics of grid
extensions of rural areas, it should be noted, is not fundamentally different than the
discussion surrounding the US REA of the 1930s. On this topic, Mahapatra developed a
model for studying the relationship between renewable energy systems and the distance
from the existing grid in rural India and Africa (Mahapatra, 2012). Using a unit of
“economic distance limit” to calculate cost effectiveness for grid extensions, Mahapatra
found that decentralized renewable power generation has the potential to be cost
competitive for remote villages with low load demand (Mahapatra, 2012). This study also
found that biomass systems are more competitive than PV systems for grid extension
projects (Mahapatra, 2012). This study is important in showing that renewable energy
resources can be cost competitive in contemporary times as sources of energy supply for
remote villages, a conclusion yet to be arrived at during the time of the Erickson and
Chapman study. However, it is limited in that it only mathematically analyzes project
costs and not impacts on households being electrified as argued as an essential need to
further the academic literature by Bernard.
Studies that measure the effects of the factors driving adoption of rural
electrification have grown in the past decade. One of the cited of these studies, is the
landmark work by Furukawa on solar PV kits effect on education in rural Uganda
(Furukawa, 2014). Solar PV kits meaning low cost and low output, less than 10W, kits
that allow for marginal lighting via a small solar PV cell and sometimes an electric
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charger. In a randomized control trial (“RCT”) of households in rural Uganda, Furukawa
found that houses that used solar PV kits increased study times for households compared
to traditional homes that studied with traditional kerosene lamp sources (Furukawa,
2014). This finding was one of the first documented sources of solar electricity having a
positive impact on extending study hours, and therefore, enabling greater education
access in SSA.
Expanding on the work of Furukawa, the World Bank published a Working Paper
in 2016 on the effects of low-cost solar kits on household welfare in rural Rwanda
(Grimm, 2016). Unlike the Furukawa study, which focused on educational factors, the
Grimm study analyzed the effects of a wider range of household factors after using a
solar PV kit: energy expenditure, health and environmental factors, and productivity of
domestic work (Grimm, 2016). Like Furukawa, Grimm conducted an RCT using 1-Watt
solar panel kits, with 50% of the solar kits being distributed for free to randomized
villages (Grimm, 2016). The Rwanda study found several difficulties with the technology
of the solar PV kit being constrained for full use (Grimm, 2016). These technological
drawbacks of a remote solar PV kit should not be understated, as energy supply likely
needs to be consistent if it is to increase economic development for a region or increase
livelihoods. With these constraints, the Rwanda study found that lighting was the primary
use from each solar PV kit (Grimm, 2016). This use of lighting could not directly be
quantified to impacts per household, but increased study time was also found for
households, and increased flexibility in leisure time throughout the household (Grimm,
2016). The study concluded that solar PV kits can meet basic energy needs for remote
areas but cannot “satisfy the whole portfolio of energy demand” for more advance

18

regions and should be considered “a complement to grid connection or a bridging
technology” (Grimm, 2016 page 41).
Conducting an additional randomized control trial in rural India, Acklin
confounded on the findings that subsistence energy sources like off-grid solar projects
can have a large effect on sustainable development (Acklin, 2017). Acklin’s results
provide evidence that there is a large difference in a household having “comprehensive
versus minimal energy access” (Acklin, 2017).
Additionally, in review of the Kenyan solar market in the early 2000s, Jacobsen
found that solar PV system use was driven by rural middle class purchasing power,
electric light from solar PV systems plays a minor role in income generation, solar PV
systems play a broader role in expanding social activities like studying or the internet,
and solar PV systems are used widely for communication applications like televisions
and cellphone charging (Jacobsen, 2007). Expanding on this research in 2010, Kirubi and
Jacobson researched the electrification effects of the Mpeketoni Electricity Project on
rural development in Kenya (Kuribi and Jacobson, 2010). This research was important in
r illustrating a modern analysis of electrification projects in rural SSA. The study did find
positive results of the impacts of electrification on rural development, mainly measuring
the output of businesses using electricity as a business input before and after
electrification (Kuribi and Jacobson, 2010). Additionally, like methods developed in the
past for electrification Kuribi and Jacobson concluded that electrification should be
coordinated with other forms of development, and that communities should be analyzed
for their “pre-qualifications” for development when analyzing a specific project’s
potential (Kuribi and Jacobson, 2010).
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2.2 Contemporary Energy Planning, Tanzania Study Reasoning
For several reasons, Tanzania represents the ideal environment to study
contemporary solar and rural electrification programs and impacts on livelihoods. By
most measurements, Tanzania holds significant importance to the past, present, and
future of SSA. As of 2020, it is the 5th most populous country in the region with a
population of approximately 59.5 million people (World Bank, 2020). Additionally, its
population continues to grow at a rate of approximately 3.0% per year, putting it among
the ten highest growing populations in the region (World Bank, 2020). When taken
together, these demographic trends illustrate that the region will have more Tanzanians
for years to come.
Aside from demographics, Tanzania’s economy has shown signs of success for
much of the past decade when compared to similar countries. From 2002 to 2016, the
average GDP growth rate was about 7.00% per year: making it among the highest in SSA
(World Bank, 2016). However, the country and its economy are not without the endemic
challenges facing the region. GDP currently stands at approximately $61 billion USD,
and GDP per capita at $1,172 USD (World Bank, 2020). This is about 16% the size of the
South African economy as a whole, and approximately 17% the size of the South Africa
GDP per capita (World Bank, 2020). While South Africa’s economy is more modernized
and integrated than Tanzania’s the two countries are comparable in terms of population
(58 million people for Tanzania, and 59 million for South Africa) and land area (364,000
square miles for Tanzania, and 470,000 for South Africa) (World Bank, 2020).
Additionally, both countries have rural populations greater than 30 percent of their total
(World Bank, 2020). Therefore, making the distinction in electrification and economic
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progress an interesting regional discontinuity.
The reasons for the lack of development and a more efficient economy, even in
the midst of recent success, are a complex combination of many factors including
colonization, failed agriculture and public policy programs following independence via
socialism, an export reliant economy, and potentially going forward, the lasting impacts
of COVID-19. However, for the scope of this thesis a remarkable detriment to
development is apparent for Tanzania: only 35.6% of the total population had access to
electricity in 2018 (World Bank, 2020). On the contrary, 91% of South Africa’s
population had access (World Bank, 2020). Addressing this issue is a point of focus for
the Tanzanian Government, World Bank, and regional utilities in recent years and has
been the source of considerable investment, research, and initiatives.
How successful Tanzania is at achieving its goals of providing electricity, via
sustainable and carbon free sources, to its citizens will shape sub-Saharan Africa’s
regional politics and economy for years to come. Despite these macroeconomic efforts,
understanding the microeconomic decision making of individual households can be used
to better understand how these efforts are impacting everyday Tanzanians, and therefore,
enable more efficient, equitable, and successful electrification efforts.
2.3 Public Policy Landscape and Stakeholders
Tanzania is a rural country: approximately three out of four Tanzanians live in
rural areas (World Bank, 2016). Providing electricity access, that is also sustainable and
does not raise carbon emissions, is a challenge. However, the Government of Tanzania,
along with other stakeholders have conducted a systematic approach to bringing
electricity to these areas that mirrors the historical efforts used in the United States
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discussed earlier in this paper.
In 2005, the Government of Tanzania passed the Rural Energy Act (“REA 2005”)
(The Rural Energy Act, 2005). Like the Rural Electrification Act of 1936 in the United
States, the REA 2005 created a government agency, the Rural Energy Agency with the
mandate to broadly oversee rural electrification projects in mainland Tanzania (excluding
Zanzibar). The Rural Energy Agency is governed by the Rural Energy Board, with a
mandate to primarily serve as a facilitator of the private sector to enact rural
electrification projects throughout mainland Tanzania, as well as administer the funds
within the Rural Energy Fund for various projects. The Agency works closely as the
“stakeholder” expert on rural electrification projects with the country’s sole electric
utility, TANESCO, and multilateral institutions like the World Bank.
In 2016, an additional piece of legislation was enacted: the Electricity Act of 2016
(Market Re-Organization and Promotion of Competition Regulations, 2016). This Act
focused on expanding private sector involvement in power generation operations in the
electric sector. This was relevant to the Rural Energy Agency’s work, rural
electrification, and sustainable energy in Tanzania in a few ways. The first was it
“unbundles” generation from transmission and distribution of electricity: allowing for
more private sector development of renewable energy resources for new generation
capacity (Market Re-Organization and Promotion of Competition Regulations, 2016).
This is similar to how markets for wholesale electricity work in parts of the United States
that are under a Regional Transmission Operator (RTO) or Independent System Operator
(ISO). The second is the Act calls for the creation of a tariff setting agency to procure
long-term contracts for power generation from private developers (Market Re-
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Organization and Promotion of Competition Regulations, 2016). This allows for solar
and wind projects to initial platform to receive long-term contracts for their generation
from a government agency, therefore making them more financeable.
What does this mean for electrification of rural areas? It means that potentially the
grid can add clean generation resources to it in a distributed way to lower line and power
losses across larger distances as described by Lovins above. Thus, making the decision
point for the benefits of off-grid, or grid-connected, electricity more complex, and
nuanced.
Within this statutory framework, how the Rural Energy Agency operates is
currently guided by three long-term government strategies for economic development and
electrification: the Tanzania Development Vision 2025, the National Energy Policy, and
the National Electrification Program Prospectus. Starting with the Tanzanian
Development Vision 2025, this Planning Commission document aims to make Tanzania a
middle-income country by 2025 (United Republic of Tanzania Planning Commission,
2011). Within this vision the Government sets out its view of infrastructure to reach this
goal as follows, “investment in infrastructure must be accorded the highest priority and
be spearheaded by the government. The investment must also involve the private sector
and communities generally…Investment in energy, water, and telecommunications is
also central to the stimulation of local and foreign investment and for creating wealth and
employment-generating activities” (United Republic of Tanzania Planning Commission,
2011 page 20).
In summary, the country of Tanzania has been immensely focused on both
renewable energy and rural electrification for the last several years. With this policy
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framework understood, we turn to the next section of this literature review: contemporary
research on renewables role in rural electrification.
3. Renewables and Rural Electrification
3.1 Contemporary Field Studies
Energy policy and rural electrification policy, in most instances should be a
combined public policy objective: rural electrification is energy policy and energy policy
is rural electrification. However, meeting objectives for renewable energy for climate
related reasons, and objectives to electrify populations are not always in unison. In the
United States, renewable portfolio standards (RPS) and other similar state mandated
policy goals have been effective in fostering a private market to enable new renewable
energy generation to be constructed (Berkley Lab, 2017). In SSA, however, the two-fold
challenge has not seen similar successes.
Depending directly on one energy technology, regardless of type, has its
limitations when trying to build out rural electrification programs (Karekezi & Kithyoma,
2002). In a review of emerging trends in renewable energy and rural electrification in
SSA, Karekezi and Kithyoma found that a central focus on using solar PV to promote
rural electrifications results in significant setbacks for SSA countries including: primary
adoption of systems by “affluent” households, export & import exchange issues for the
technology, and a limited amount of quantitative evidence of increased incomes
post=adoption (2002). These are similar findings to the work of Erickson in the 1990s.
Electrification technologies, and strategies, that increase rural incomes, Karekezi and
Kithyoma argue, are what is needed to merge energy and rural electrification planning
(2002). At the time of the study, limited evidence showed that solar PV met those
metrics.
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More recently, the World Bank issued 2018 results report on the effectiveness of a
$158 million specific investment loan to the Government of Tanzania for the TZ-Energy
Development and Access Expansion Project (TEDAP) (P101645) (World Bank, Report
ICR00004395, 2018). The project began work in December of 2007 and formally closed
in September of 2017 (World Bank, Report ICR00004395, 2018). During this project,
several energy transformation projects were undertaken by TANESCO, the REA, and the
Government of Tanzania including increasing grid connections to TANESCO from
150,000 in 2013 to over 300,000 in 2015 (World Bank, Report ICR00004395, 2018).
However, the results from promotion of off-grid solar projects within this grant were
mixed (World Bank, Report ICR00004395, 2018). From an initial plan of promoting
local private solar markets by piloting projects with public institutions first, and moving
to rural homes after, the World Bank found that a local market was not stimulated and
that maintenance of these projects was not undertaken (World Bank, Report
ICR00004395, 2018). Of the PV projects installed during this program, the total installed
projects resulted in a negative net-present value principally due to unforeseen costs of
replacement and poor contract implementation for maintenance from the listed installers
(World Bank, Report ICR00004395, 2018). This contemporary data is illustrative to the
constraints facing over-reliance on a specific energy resource in rural electrification
planning, as shown by Karekezi and Kithyoma’s work in the early 2000s.
Outside of technological issues and the effectiveness of project implementation,
policy planning remains at the core for the relationship between rural electrification
planning renewable energy generation planning. Haanyika provides a broad policy
analysis of the barriers and framework underpinning rural electrification and renewable
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energy in Zambia (2008). The research finds that for rural electrification and renewable
energy programs to be effective they need to be “integrated with other national energy
planning initiatives and rural development” (Haanyika, 2008). Despite successes
promoting alternative energy technologies, Haanykia finds one of the largest handicaps
facing Zambia was the lack of the ability of public agencies to become self-sufficient and
operational institutions (Haanyika, 2008). Like Tanzania, Zambia is well endowed with
natural resources, and has a significant global aid presence to help support alternative
energy technologies. With a similar policy landscape, and rural electrification rates, these
policy constraints remain present in both countries.
As a qualitative example of these public policy constraints, Ahlborg and Hammar,
conducted a series of interviews with key stakeholders in Tanzania and Mozambique. on
the policy and institutional barriers facing renewable energy technology deployment and
rural electrification during the 2010s (2014). Due to the high cost of rural electrification
and renewable energy projects, within both countries, for most policies to be
economically effective they must rely on some form of donor funding for capital sourcing
(Ahlborg and Hammar, 2014). This capital structure, in part, lends itself to a top-down
form of policy planning that, at times, inefficiently allocates resources to communities
and location less likely to benefit from an off-grid or rural electrification project (Ahlborg
and Hammar, 2014). Like the interview work conducted by Ahlborg and Hammar, in a
2019 review of the barriers to large-scale solar power in Tanzania, Aly et. Al,
additionally found that the priorities of financing and global aid need to be reshaped in
order to have large renewable scale renewable energy programs work in unison with rural
electrification priorities in the country (Aly, Et. Al, 2019). Through this approach,
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differing views on where the government of Tanzania’s and TANESCO priorities for
enabling renewable energy projects at scale were analyzed (Aly, Et. Al, 2019). From this,
a gap was shown between political prioritization of renewable energy deployment and
rural electrification (Aly, Et. Al, 2019). By combining the interests of renewable energy
procurement and rural electrification, Aly argues, the political priorities of politicians in
Tanzania and the aid priorities of European Union donor countries can be combined to
target financing of energy projects in a more strategic and effective manner (Aly, Et. Al,
2019).
There are two crucial themes evidenced within the Aly et al. research. First, the
focus of the study was on the importance of promoting grid-scale renewables in unison
with rural electrification efforts. This differs from much of the contemporary research on
the subject of renewable energy in rural electrification presented in this literature review,
as a large number of previous studies have focused on the effectiveness of small-scale
solar PV kits to alleviate basic needs for electricity. By focusing on grid-scale solutions,
renewables and grid extensions become complimentary to one another. This mirrors the
mandate of the US REA in the 1930s, as to allow grid-extensions to work economically
during this type period they had to be sourced with the cheapest form of fuel supplies.
With the decreased cost of renewable energy, this very well may be solar PV or other
renewable energy technologies. Because these resources can be distributed throughout
the grid, they may serve as better fuel resources to enable rural grid extensions than the
centralized fuel supply model contested by Lovins and currently deployed throughout
most of the region.
Secondly, the lack of cohesion in policy planning evidenced by Aly, et al is
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counter to the documented community-enabled successes of the US REA. The framework
of the US-REA was not dissimilar to the Western donor-to-SSA country problems of
contemporary times. The patchwork of state rules and regulations governing electricity
generation, and rural cooperative ownership of distribution utilities, during the 1930s
posed a dramatic challenge for Federal dollars to be allocated to projects efficiently. By
relying on the rural cooperative model, and projects presented and originated by member
communities themselves, standardization of state rules occurred, and capital was
efficiently invested to projects that had the support (i.e., “demand”) of the communities
behind them. Finding public policy themes and structures that can be enacted that bring
more cohesion to these programs for SSA countries and other stakeholders, is central to
the research questions posed in the second article of this thesis.
In summary, the research on the role of renewable energy planning and rural
electrification is growing. At the same time, this policy landscape is largely being
constructed in real time in contemporary regulatory proceedings throughout the region.
Because there is no direct experience to evidence how exactly to build a clean grid that
reaches all rural households, it is paramount the policy makers of today use the successes
of the past as a guide. With the policy and energy planning landscape of SSA, and
Tanzania in particular established, we turn to a discussion on the theoretical framework
of household adoption and econometric modeling used for the first article of this thesis.
4. Theoretical Framework and Econometric Studies
4.1 Theory Reasoning
As discussed above, there a number of macroeconomic and policy dynamics that
guide and influence the strategy of rural electrification and clean energy adoption in SSA.
However, any large policy initiative’s success will always remain beholden to the sum of
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its parts. For rural electrification projects, those “parts” are the individual households in
any given community that elect to adopt a new technology or not. These decisions are
guided, influenced, and effected by a multitude of outside socioeconomic variables
impacting each households’ daily lives. Ultimately better understanding both which of the
multiple socioeconomic variables influence this adoption choice, and how those
socioeconomic variables influence this adoption choice, is central to answering the
research questions of this thesis.
The first article of this thesis relies on two energy adoption frameworks to guide
its econometric analysis: Innovation Diffusion Theory (IDT) and the Energy Transition
Ladder (ETL). These frameworks guide the variables selected for the econometric
analyses conducted. The econometric analyses are further guided by previous robust
econometric modeling conducted on these issues within the academic literature and
discussed below.
4.2 Innovation Diffusion Theory
The origin of the diffusion theory of adoption can be traced to initial identification
of the role of social status and opinion in rural societies by Tarde in 1903 (Valente and
Rogers, 1995). However, the first direct study on diffusive adoption was the Ryan and
Gross hybrid seed study in rural Iowa in the 1940s (Valente and Rogers, 1995). The Iowa
corn study argued that diffusive adoption is a function of both economic and social
decision making. Through qualitative interviews in a time series dataset, the study found
that despite the direct knowledge of Iowan farmers that a particular hybrid seed was more
profitable, “most farmers did not adopt the seed when they first heard about it” (Valente
and Rogers, 1995). Rather, it took 14-years for the entirety of a population to adopt the
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new more profitable seed from the date of first adoption (Valente and Rogers, 1995).
Following the hybrid seed study, interest and publication on diffusive theory, for the field
of rural economics, peaked in the 1960s in. both the academia of developed and
developing countries (Valente and Rogers, 1995).
However, the theory spread to other scientific disciplines with the publication of
the book, Diffusion of Innovations, by Rogers (1962). This book, and the literature that
has sense followed, promoted the broad IDT framework used in academic disciplines
today and serves as the basis for this thesis. In essence, the theory seeks to provide a
framework for which adoption of a new technology moves from a nascent early adoptive
technology by a small percent of the population, to universal adoption to the broadest
majority of the population (Rogers, 1995). The IDT framework attests that diffusive
adoption of a technology is the “process” of an innovation being communicated via the
social hierarchy of a given population (Rogers, 1995). However, because no social
system is completely authoritative, regardless of the level of diffusion of a technology
each adoption always relies on individual decision making of whether to adopt the
technology or not (Rogers, 1995). This assumes that households are rational actors and
will generally try to maximize their utility for any given decision, in a traditional
economic sense. However, they are not completely economic rational actors, and are
influenced by non-rational social constraints and dynamics at play within their
communities.
This adoption decision making can be distilled to a five-step process: knowledge,
persuasion, decision, implementation, and confirmation (Rogers, 2003). Within each of
these stages a household moves from gathering information on the benefits of a new
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technology, forming an opinion on the merits of the technology, deciding to act on the
opinion, and confirming the decision was correct once acted upon (Rogers, 2003). How
quickly this adoption process occurs within a community is a function of perceived
attributes of the innovation amongst the collective households. IDT identifies five core
attributes associated with adoption decisions: (1) relative advantage, (2) compatibility, (3)
complexity, (4) trial ability, and (5) observability (Rogers, 2003 via Amuzu-Sefordzi et
al., 2018).
Specific to electrification adoption, and this thesis, attributes 1-3 are most
relevant. First, relative advantage shows the ability of an innovation to be better in
perception that its predecessor and how the technology is perceived to change the
household’s ability to save or generate time/income (Rogers, 2003 via Amuzu-Sefordzi,
et al 2018). In the context of electrification, relative advantage and the Energy Transition
Ladder share similarities in arguing “fuel type” to be a positive good: as household
incomes rise, preference for cleaner, more reliable forms of energy also increases and the
preceding technology is used less. Of all the attributes, relative advantage is most directly
tied to the cost and economic benefits of the innovation. Especially in SSA, where labor
(and therefore time) represents a large portion of a household’s means to generate a
livelihood, if a technology can save time in a process it can have perceived or real
economic benefits. Secondly, compatibility refers to how the innovation can be used
consistently within the existing needs of the household adopting the technology (Rogers,
2003 via Amuzu-Sefordzi, et al 2018). If an innovation is not compatible with a
household or community, it will increase the uncertainty that the innovation can be
beneficial for the user, and with this increased uncertainty decrease the rate of adoption
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amongst the community. Lastly, complexity simply refers to how easily a new
technology is to use and understand by the households adopting it (Rogers, 2003 via
Amuzu-Sefordzi, et al 2018). Increased complexity increases the time, or at times cost,
associated with implementing the new innovation to a user’s everyday life and therefore
also decreases the rate of adoption amongst the community.
In summary, a technology that can demonstrate to have a high relative advantage
compared to its substitutes, is compatible within the existing social structures of a
community, and is not overly complex, should have a high rate and velocity of diffusive
adoption (Rogers, 2003). While all the attributes seek to categorize different components
of the adoption process, all are rooted in the perception of the adopter. Relative advantage
is derived from the perceived benefit of a new technology: either at the household or the
community level. Compatibility is defined by the user: “does this technology fit within
my everyday life?”. And complexity is also defined by the user: “how challenging to me
is using this technology?”. Therefore, creating a positive perception of a new technology
by the user, should increase the rate of adoption. Understanding household perception is
reliant upon defining quantifiable impacts of the different variables that ultimately
influence the household’s day-to-day life, and therefore perception.
These attributes guide the research questions of the first article of this thesis and
influence which variables are tested within the econometric analysis.
4.3 Energy Transition Ladder
The second theory used in this thesis is that of the Energy Transition Ladder
(ETL). The ETL first emerged in the academic literature during the the 1980s (Barnes,
2014, Hosier and Dowd, 1997, Foley, 1992). Hosier and Dowd, using a multinomial logit
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analysis of energy-use data in Zimbabwe, provided evidence of energy being a normal
good in an economic sense. Meaning as household income, or standard of living,
increased, so too did preference for more sophisticated and cleaner sources of energy
(Hosier and Dowd, 1987). The common ETL framework, stemming from this work in
Zimbabwe, begins with wood and charcoal based fuels at the base of the energy ladder,
given their dirty burning qualities and overall abundance for all energy. These fuel types
are then replaced by oil and kerosene-based fuels, which are cleaner (at the indoor air
pollution level, not the carbon emission level) and require less gathering time (Rahut, et
al 2017). From there, car batteries and other basic forms of electricity are typically
present. These technologies are either grouped with, or right below, solar PV. Solar PV
being typically represented by small off-grid subsistence level PV units that can perform
basic services such as charging or lighting (World Bank, 2020). Finally, formal gridbased electricity is demonstrated to be at the top of the ladder (Grimm, 2017).
Within the relevant literature, there is often a distinction made between electricity
and solar. This is primarily due to the fact that solar PV is still a substituted good for
long-term electricity from the grid. Evidence from field research by the World Bank
supports this assumption, where households that had knowledge of grid intervention
coming to an area being reluctant to invest in a solar PV kit (Zhang, 2014). However, as
discussed by Toole, most field research on the ETL is narrow in scope to a particular
setting and lacks inter-country analysis to determine the reel associations up or down the
rungs of the ETL ladder (2015).
With that being said, combining the IDT and ETL theoretical frameworks
presents a combined approach to understanding household decision making for
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electrification adoption. The IDT identifies why an individual household may choose to
change the fuel type use, or to electrify or not. The ETL provides a hierarchal framework
to codify which type of fuel source may be justified as being superior to another. Lastly,
the ETL framework has been test econometrically in previous studies as discussed below.
4.4 Previous Econometric Analyses
Multiple econometric studies have been conducted in recent years testing the
impacts and effects of certain variables on electrification and the ETL. Specifically, three
econometric studies are most relevant to the regression model used in the first chapter of
this thesis: Rahut, et al (2015), Rahut, et al (2017), and Guta (2018). The Rahut, et al
studies specifically used the same LSMS dataset for Tanzania, along with LSMS data
from Ethiopia, Uganda, and Malawi, to construct ordered probit and multinomial logit
regression models to determine the impacts of various factors on electrification (2015,
2017). The first Rahut, et al study focused on a binary independent variable of
households adopting solar (1) or not (0). This decision was then tested against various
factors representing demographic, human capital, infrastructure, and asset/wealth
categories to view correlation (2015). The second Rahut, et al study expanded to test a for
the appearance of the multivariant ETL and ran a multinomial logit regression, as well as
an ordered probit model, with type of electricity used serving as the independent variable.
This independent variable was regressed against similar factors representing the same
factors of the 2015 study.
Lastly, the Guta study of 2018 used similar methods of regression analysis to test
the binary response variable of solar adoption (or not) in rural Ethiopia (2018). However,
Guta relied on a direct survey of specific neighborhoods in the Oromia state of Ethiopia
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and did not use a country-wide, or countries-wide, dataset like the Rahut studies. Despite
the difference in samples, the results of the logit model used by Guta were substantially
similar to the results of both Rahut studies on solar adoption (Guta, 2018).
These studies, collectively, demonstrated the following assumptions on certain
socioeconomic factor influencing electrification:
•

Rural Correlation: Positive correlation between households being rural
and solar PV adoption (Rahut et al, 2015, Rahut et al, 2017).

•

Wealth Correlation: Higher incomes are most likely to adopt grid and
solar PV, and as income rises, so too does preference for more
sophisticated forms of energy (Rahut et al, 2015, Rahut et al, 2017, GUta,
2018).

•

Distance Correlation: The greater “remoteness” of a household, the less
likely it is to adopt grid electricity and more likely to adopt solar PV
electricity (Rahut et al, 2015, Rahut et al, 2017, Guta, 2018).

•

Female Headed Households: Households headed by a woman were more
likely to adopt solar or grid-based electricity when compared to male
headed households (Rahut et al, 2015, 2017).

•

Education: Households headed by individuals with higher levels of
education were more likely to adopt grid-based electricity or solar
electricity (Rahut et al, 2015, Rahut et al, 2017, Guta, 2018).

These identified correlations are important foundations for
guiding the variables tested in the first article of this theory. Finally, with the theory and
econometric results of past studies identified, we turn to the theoretical summary of the
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relevant literature.
5.

Theoretical Summary
5.1 Summary of Theory and Themes
In conclusion, the available literature on rural electrification and renewable
energy deployment in both the developed and developing world is diverse and growing.
From the documented successes and legislative framework of the Rural Electrification
Act in the United States during the 1930s, to the documented field studies of solar
deployment in SSA in contemporary times the literature provides this research with the
following emergent themes to guide the towards the answers of the research questions
proposed for this thesis.
First, evidence from past rural electrification interjections during the 20th century
show that electrifying areas for the sake of electrification does not enable development.
In other words, electricity alone does not cause development to occur. For rural
electrification projects to be successful, the communities and households served by the
service need to be involved in the planning of the projects and the direct source of the
derived demand for the supply of electricity.
Second, the direct costs and direct benefits of the electrification interjection needs
to be measurable and documented to enable justification for future projects. The literature
on time series datasets is minimal, and control and effect studies should be considered to
better understand how electrification projects benefit a household or community.
Third, there is a difference between comprehensive and minimal energy access
(Acklin, 2017). Having electricity has shown to enable marginal forms of development.
However, rural electrification projects should focus on technologies and policies that
have the potential to increase household income (Karekezi & Kithyoma, 2002). The
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ability of solar PV projects to enable this income increase is a subject of further
consideration.
Fourth, the decision to adopt an electrification technology is ultimately a decision
made at the household level. These decisions are guided, and influenced by, a host of
multivariant influences. Understanding these multivariant influences is essential to
enabling greater adoption potential and ultimately diffusive adoption of any new
technology.
Lastly, public policy and energy policy are very closely linked to the successes of
rural electrification projects. Involvement of the private sector, donor agencies, and
government instructions are cited as sources of barriers and constraints to enabling
further rural electrification throughout sub-Saharan Africa and Tanzania in particular.
These policy elements need to be developed in unison for successful projects to occur.
5.2 Research Gaps
Despite the wealth of academic literature discussed above, there remain four
critical gaps in the literature that this thesis aims to contribute towards alleviating. First,
the major econometric studies on rural electrification do not use an IDT-based approach
to guide the selection of dependent variable for regression analysis. Given the importance
of understanding the decision-making behavior of the individual household, conducting
analyses within a new theoretical framework should demonstrate new perspectives and
derive new conclusions on the behavior behind electrification adoption.
Second, while the academic literature on rural electrification is large and storied,
the literature on rural electrification within the context of modern renewable energy is
still new. Given solar PV costs continue to decline in cost, the more data, and more recent
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the data, that can be tested the better the more accurate the collective understanding will
become on understanding the drivers behind electrification adoption.
Third, there remains a gap in the literature in understanding if the decision making
to adopt grid-based electricity is different than the decision making to adopt solar-based
electricity. While the inherent costs of the two different types of electricity source are
well documented, there are few studies examining solar households compared to grid
households. The regression analysis of this thesis aims to provide contributions towards
this field of study.
Lastly, despite the successes of rural electrification programs in the United States,
few comparative analyses of the 20th century and the 21st century efforts in SSA exist.
Given the importance and urgency to develop sustainably, all measures of public policy
should be examined to ensure policy decisions are made with the most information
possible.
The research questions proposed within these articles aim to help fill these gaps in
the literature, and from this, to help empower more informed policy decisions on
sustainable rural electrification that can positively contribute to the lives of millions of
households in SSA currently lacking basic access to electricity.
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CHAPTER I:
Title:
ELECTRIFYING DEVELOPMENT
AN ECONOMETRIC CASE STUDY ON CORRELATES OF ELECTRIFICATION
IN TANZANIA
Abstract
Global and regional economics and policy may shape the circumstances on which
rural electrification initiatives are developed, however, their successes rely on the
decision making of households. These decisions are a function of the numerous
multivariant factors that influence a household’s daily lives. Using Innovation Diffusion
Theory as a framework for which socioeconomic factors to test, this paper assesses
several different predicative variables and their effect on household electricity adoption
choice: grid-supply, solar-supply, or no-supply. Additionally, the households that
changed electricity fuel type between years are assessed both spatially in reference to the
Tanzania electric grid, as well descriptively to determine if preference exists over time
for different electricity fuel sources. The results of the research show that the factors
associated with electricity adoption are multivariant and varied over time. Further, there
was some evidence illustrating more households moving “up’ the ladder towards gridbased electricity versus no electricity and solar as adoption occurred over time.
However, little evidence was found to support that solar electricity represents a “step” on
the Energy Transition Ladder towards grid-based electricity.
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Introduction
To date, sub-Saharan Africa (SSA) remains one of the least electrified regions of
the world, with nearly 45% of households lacking access to electricity (International
Energy Agency, 2019). The need and desire to electrify the region is not a new focus of
development initiatives, as it has been the cornerstone of regional, national, and
international development regional policy since the mid twentieth century (Barnes, 2014).
However, what has changed since the initial drive to electrify rural areas, is the need to
not only electrify for socioeconomic reasons, but to do so with clean, renewable energy
for climate and environmental reasons (Davidson, 2003). Internationally, having access
to “affordable, reliable, and sustainable energy” is a Sustainable Development Goal
(SDG) (SDG7) of the United Nations (UN General Assembly, 2015). Specifically, SDG
7 aims for 100 percent global access to electricity by 2030, which unfortunately is on
pace to not be met primarily due to the lack of progress on electricity access throughout
SSA (IEA et al, 2020).
To alleviate this gap, electrification projects need to simultaneously be profitable
for all stakeholders and beneficial to households. Due the combination of expensive gridbased rural electrification (RE) projects, abundant solar irradiance throughout SSA, and
the declining cost of solar photovoltaic (PV) technologies there has been a growing push
by national governments, the private sector, and international aid organizations to use
distributed solar PV as an additional tool for RE (International Energy Agency, 2019).
Conceptually, using solar PV to achieve RE is logical: the costs to use solar PV in rural
areas are often substantially lower than a grid extension, and even modest increases in
electricity access can have positive socioeconomic benefits (Acklin, 2017). However, in
practice the decision to adopt a new technology, be it a solar PV kit or to pay for a grid
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connection, is ultimately a complex decision made at the household level. The relevant
academic literature has studied the many variables associated with electricity technology
adoption (Grimm, 2017; Rahut, et al 2017; Rahut, et al 2018; Guta, 2018). From showing
that more affluent households are more likely to adopt electricity, to solar PV being more
prevalent in rural areas than urban ones, these studies have provided an emerging
understanding of how key socioeconomic variables influence household adoption of
electrification technologies. However, there remains more to do, including developing a
more holistic understanding of which consumer adoption theoretical frameworks best
explain the adoption of electrification in low-income countries. More evidence is needed
to allow more targeted and informed decisions by policymakers to enable RE projects in
low-income countries that are economically feasible and provide real benefits to target
communities.
This research aims to provide case study analysis on factors associated with
different forms of electrification in Tanzania using Innovation Diffusion Theory (IDT)
(Rogers, 1995). Using this case study and framework, this research aims to answer the
following questions:
•

RQ1: How does an energy type’s compatibility with a household’s needs
relate to the choice of energy type adopted for rural electrification?

•

RQ2: How does an energy type’s compatibility with a household’s
value/beliefs relate to the choice of energy type for rural electrification?

•

RQ3: How does relative advantage of a technology contribute to a
household’s choice of energy type for rural electrification?
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•

RQ4: How is the Energy Transition Ladder represented within this
population?

With this established, we now turn to a more extensive understanding of the
theoretical literature and results of previous research.
2.

Literature Review
2.1 Theoretical Framework
Households adopt new technologies in non-linear ways. Different variables
positively and negatively impact the tension between a household’s budget to acquire a
new technology, and the perceived utility gain that the new technology could provide in
the eyes of the consumer. These dynamics interact in an especially constrained
environment within the context of SSA, specifically Tanzania, where GDP per capita is
only $1,105 per year (World Bank, 2019). To understand these dynamics and create a
framework for the research questions provided herein, the relevant academic literature
underpinning consumer decision making is a critical starting point within this analysis.
Specifically, two theories are used in this analysis: (1) Innovation Diffusion Theory
(IDT) and the Energy Transition Ladder (ETL) (Rogers, 2003 via Amuzu-Sefordzi, et al
2018; Hoster and Dowd, 1987).
IDT argues that adoption of a technology (an “innovation”) is a decision, and that
households are rational economic actors when making these decisions on which
innovations to select or not select (Rogers, 2003). The decision to adopt will be made
when the innovative technology in question allows the household to make “full use of an
innovation as the best course of action available” (Rogers, 2003 p. 177). Collective
household (i.e., community) decisions to adopt an innovative technology eventually
manifest themselves into total diffusion (i.e., widespread adoption) when actual
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“alteration occurs in the structure and functions of a social system” (Rogers, 1995).
Diffusion creates positive and/or negative disruptions within the daily lives and social
systems of the households within a community impacted by the innovation (Rogers,
1995). In essence, IDT is the interaction between innovation, decision making, and social
systems. Within the theory, disrupting innovations change social systems, however, the
changed social systems also influence diffusive adoption.
The IDT process, as defined by Rogers, consists of five steps: knowledge,
persuasion, decision, implementation, and confirmation (Rogers, 1995). Within each of
these stages a household moves from gathering information on the benefits of a new
technology, forming an opinion on the merits of the technology, deciding to act on the
opinion, and confirming the decision was correct once acted upon (Rogers, 2003). This
process occurs within both the socioeconomic constraints of a household and the social
frameworks of the community. As a household moves through this process, it undertakes
a reduction of “uncertainty” on the merits of adoption of the technology (Rogers, 2003).
Along the way, these reductions are tested and shared within the present social dynamics
of the community to affirm or discuss the information being processed, in order to decide
to ultimately adopt the new technology or not (Rogers, 2003).
How quickly this adoption process occurs within a community is a function of
perceived attributes of the innovation amongst the collective households. IDT defines
there to be five core attributes: (1) relative advantage, (2) compatibility, (3) complexity,
(4) trial ability, and (5) observability (Rogers, 2003 via Amuzu-Sefordzi, et al 2018). For
analyzing electricity adoption, the first three attributes are most relevant. First, relative
advantage shows the ability of an innovation to be better in perception that its
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predecessor and how the technology is perceived to change the household’s ability to
save or generate time/income (Rogers, 2003 via Amuzu-Sefordzi, et al 2018). In the
context of electrification, relative advantage and the Energy Transition Ladder share
similarities in arguing “fuel type” to be a positive good: as household incomes rise,
preference for cleaner, more reliable forms of energy also increases and the preceding
technology is used less. Of all the attributes, relative advantage is most directly tied to the
cost and economic benefits of the innovation. Especially in SSA, where labor (and
therefore time) represents a large portion of a household’s means to generate a livelihood,
if a technology can save time in a process it can have perceived or real economic
benefits.
Second, compatibility refers to how the innovation can be used consistently
within the existing needs of the household adopting the technology (Rogers, 2003 via
Amuzu-Sefordzi, et al 2018). If an innovation is not compatible with a household or
community, it will increase the uncertainty that the innovation can be beneficial for the
user, and with this increased uncertainty decrease the rate of adoption amongst the
community. Lastly, complexity simply refers to how easily a new technology is to use
and understand by the households adopting it (Rogers, 2003 via Amuzu-Sefordzi, et al
2018). Increased complexity increases the time, or at times cost, associated with
implementing the new innovation to a user’s everyday life and therefore also decreases
the rate of adoption amongst the community.
In summary, a technology that can demonstrate having a greater relative
advantage compared to its substitutes, is compatible within the existing social structures
of a community, and is not overly complex, should have a high rate and velocity of
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diffusive adoption (Rogers, 1995). While all the attributes seek to categorize different
components of the adoption process, all are rooted in the perception of the adopter.
Relative advantage is derived from the perceived benefit of a new technology: starting at
the household, and then manifesting towards, the community level. Compatibility is
defined by the user: “does this technology fit within my everyday life?”. And complexity
is also defined by the user: “how challenging to me is using this technology?”. Therefore,
creating a positive perception of a new technology by the user, should increase the rate of
adoption. Understanding household perception is reliant upon defining quantifiable
impacts of the different variables that ultimately influence the household’s day-to-day
life, and therefore perception.
With the tenants of IDT established, we shift focus to the Energy Transition
Ladder (ETL). ETL has been present in the academic literature on RE for several decades
(Barnes, 2014, Hosier and Dowd, 1997, Foley, 1992). First established by Hosier and
Dowd in a multinomial logit analysis of energy-use data in Zimbabwe in the 1980s, ETL
provides evidence that energy is a normal good: as household income rises preference for
more sophisticated energy sources also rises (Hosier and Dowd, 1987). A common
conceptual framework of ETL begins with wood and charcoal based fuels at the base of
the energy ladder, given their dirty burning qualities and overall abundance for all
energy. These fuel types are then replaced by oil and kerosene-based fuels, which are
cleaner (at the indoor air pollution level, not the carbon emission level) and require less
gathering time (Rahut, et al 2017). From there, car batteries and other basic forms of
electricity are typically present. These technologies are either grouped with, or right
below, solar PV. Solar PV being typically represented by small off-grid subsistence level
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PV units that can perform basic services such as charging or lighting (World Bank,
2020). Finally, formal grid-based electricity is demonstrated to be at the top of the ladder
(Grimm, 2017). Within the relevant literature, there is a often a distinction made between
electricity and solar in the context of ETL studies on RE in SSA. This is primarily due to
the fact that solar PV is still a substituted good for long-term electricity from the grid.
Evidence from field research by the World Bank supports this assumption, where
households that had knowledge of grid intervention coming to an area being reluctant to
invest in a solar PV kit (Zhang, 2014).
Each step up the ladder is made as income rises due to perceived benefit of the
next fuel source. The ETL theory does not suggest that each new energy source causes
increases in income, merely that increases in income cause changes in energy use
behavior. How and when these steps are made up the ladder are a composite of
multivariate factors that can be explained by the attributes outlined within the IDT
framework. However, when viewed together, the ETL and IDT frameworks present a
more complete understanding of consumer adoption of new technologies within SSA.
The below figure outlines these combined frameworks conceptually:
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Figure 2 IDT Conceptual Framework
With IDT and ETL theory combined, associations between factors such as income
and electricity adoption can be better understood. To guide which variables to include
within the econometric models an overview of previous rural electrification studies and
econometric analyses within the relevant academic literature is provided.
2.2 Past Rural Electrification Studies
The economic analysis of rural electrification has an extensive academic history
(Barnes, 2014). The genesis of studying rural electrification can be dated to the original
reports of the Depression-Era United States Federal Agency, the Rural Electrification
Agency (REA). The REA was tasked with granting subsidized loans to bring electricity
to rural areas. In developing a framework to determine which projects to provide loans to,
and which not, the REA had to establish a broader view of the positive benefits of a
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project to a community beyond a standard cost-benefit analysis (Muller, 1944). Instead,
to implement these loans the REA had to take a standard analyzed view of the “the
potential of economic development” within a specific community to determine if a loan
would be successful (Muller, 1944). Therefore, in review of a project, the various REA
dedicated reviewed projects for their technical capability, effective financial
capitalization, plans to increase social understanding of electricity usage, and how local
consumers could be involved in consuming the energy supply (Muller, 1944). Through
this comprehensive review strategy of both financial, and socioeconomic variables, the
REA was able to increase electrification of US farms from 10% to ~80% over the course
of only 15-years.
The developing world followed the US’ example (in part driven by Westernbacked foreign aid projects (Ross, 1972)) for much of the 20th century. During these
years initial findings found electrification was associated positively with higher incomes
(Ross, 1972; Madigan, 1981), non-farm employment (Ross, 1972; Madigan, 1981), and
greater education and reproductive planning (Ross, 1972; Madigan, 1981). Summarizing
these findings, the United States Agency for International Development (USAID)
characterized a successful rural electrification project as one which given “considerable
deference to the context of a project area” as well understanding that a certain “degree of
development” may be a pre-requisite (Goddard, 1981). Additionally, during this time the
World Bank issue d a paper guiding rural electrification project to set forward
preconditions for project enactment (Foley, 1992). Main of these are evidence of positive
increases in productive agriculture and income, as well as relative proximity to main
infrastructure (Foley, 1992). The reports and findings of USAID and the World Bank
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during these years echo the sentiment of the REA in the 1930s: understanding the
multivariant socioeconomic factors of the specific community matter in determining how
successful a project can be.
Despite this guidance, quantified the direct benefits of rural electrification or
understanding what would make a rural electrification project more successful versus an
alternative, remained challenging throughout the 20th century. Many studies concluded
that the benefits of these projects ended up not directly benefiting the rural poor as
advertised, and too often, confused correlation with causation between increased income
and increased electricity access (Pearson and Webb, 1987; Bernard, 2010).
The introduction of solar energy to drive sustainable rural electrification in the
21st century has not alleviated the unanswered benefits questions on rural electrification
posed in the 20th century. As solar costs declined internationally, the use of this energy
source as a component of rural electrification strategy has steadily grown over the past
20-years (Erickson and Chapman, 1995; Bernard, 2010). A primary reason for this gap in
understanding is limited time series analysis on the actual benefits of a rural
electrification project on the consumers of the resource themselves (Bernard, 2010). This
is not to say solar’s involvement in rural electrification has not be extensively studied
within the academic literature. Given solar PV can be scaled down to various sizes, many
studies have assessed its ability to replace the grid to bring down the cost argument for
running electric lines to rural areas (Mahapatra, 2012). For literacy, many studies have
shown initial results that having solar “lanterns” increases study time in rural Africa and
therefore increases education levels over time (Furukawa, 2014: Grimm, 2016).
Additionally, again given solar’s ability to scale to small levels of deployment, the
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academic literature has analyzed the role of the technology to increase business incomes
in Kenya that use the technology to offer cell phone charging services (Kuribi and
Jacobson, 2010). Additionally, a correlation between cell phone (and other
communication devices’ use) and solar ownership was analyzed by Jacobson in rural
Kenya (2007). Since the Jacobsen study, cell phones have become very widespread
throughout sub-Saharan Africa. During this mobile expansion additional correlation has
been cited with the use of mobile financial payment products, enabled by mobile phones,
have on purchasing solar kits (Rastogi, 2018). The nexus of these two technologies is an
important point of understanding with the IDT framework, and discussed further below.
These past studies provide important context to both the variable selection of this
analysis and the need for a theoretical framework that underpins a multivariant
understanding of the socioeconomic factors influencing consumer adoption.
Understanding context of the community, looking at benefits over time, and continuously
testing the factors influencing solar in rural electrification are all central to putting
forward rural electrification projects that can be better positioned for success throughout
the SSA region.
2.3 Previous Econometric Studies
Recently, several econometric analyses have been conducted on socioeconomic
data from several SSA countries including Tanzania, Uganda, Ethiopia, and Malawi
(Rahut et al., 2017, Rahut, et al., 2018, Guta, 2018). Each of these studies tested for
determining factors on both adoption of solar technologies, as well as selection of
electrification by technology/fuel source (Rahut et al., 2017, Rahut, et al., 2018, Guta,
2018). The results of these studies provide important context and background for the
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established determining variables on electricity choice. First, all three studies provided
evidence that households with either greater wealth, or greater income, were more likely
to use electricity or solar (Rahut et al., 2017, Rahut, et al., 2018, Guta, 2018).
Additionally, wealth is positively associated with solar and electricity usage (Rahut et al.,
2017). Thus, providing some evidence of the ETL theory.
Secondly, all studies provided evidence to households with higher levels of
education being more likely to adopt or use solar/electricity within their household
(Rahut et al., 2017, Rahut, et al., 2018, Guta, 2018). Thirdly, larger households also were
more likely to use either solar or electricity (Rahut et al., 2017, Rahut, et al., 2018, Guta,
2018). Households headed by females were more likely to use solar or electricity than
male headed households (Rahut et al., 2017, Rahut, et al., 2018, Guta, 2018). Lastly, rural
households were more likely to use solar than electricity when controlling for other
variables within households (Rahut et al., 2017, Rahut, et al., 2018, Guta, 2018). Each of
the above studies used proxies for different representative variables, such as materials for
roof as a representative of household wealth (Rahut et al., 2017, Rahut, et al., 2018, Guta,
2018).
Lastly, geography and distance to existing infrastructure were tested in each
study. Within each study, as distance increased from a household to major infrastructure
such as roads, so too did adoption of solar versus adoption of grid technology (Rahut et
al., 2017, Rahut, et al., 2018, Guta, 2018). This suggests that if not for distance, and
therefor cost, populations would adopt grid-based electricity versus solar electricity, all
else equal. This trend was also quantified by Mahapatra in a study based on finding a
break-even point in cost between solar and grid extensions in rural India (2011). On a
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cost basis, Mahapatra found that the farther away from an electric line, the more cost
competitive alternative energy systems become for the end user (2011). This is to say that
distance plays a role in which type of electricity source is both adopted and made
available to populations in SSA and other developing countries.
In conclusion, the relevant econometric literature suggests the following: rural
households are more likely to adopt solar than electricity, more economically affluent
households are more likely to adopt solar or electricity, additionally a positive trend
exists between rise in income and choice of solar and grid electricity. The more isolated
communities are from critical infrastructure the more likely they are to adopt solar versus
grid-based electricity. Female households are more likely to adopt solar or grid-based
electricity compared to male households. Households have some evidence of preferring
grid-based electricity to solar based electricity (Zhang, 2014). Young households are
more likely to adopt solar versus older households (Rahut et al., 2017, Rahut, et al., 2018,
Guta, 2018). Lastly, more educated households are more likely to adopt solar and
electricity compared to less educated households (Rahut et al., 2017, Rahut, et al., 2018,
Guta, 2018) All of these trends found in the academic econometric studies provide
evidence to support the existing of the ETL.
2.4 Theoretical Conclusion
While the above findings are illustrative, there still remains a gap in the academic
literature on the many factors that influence contemporary rural adoption at the household
level over time. These factors were the cornerstone of the success of the REA in the US
in the 1930s, so there understanding should not be understated. Since that time, IDT has
emerged as an established theoretical framework for understanding how new
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technologies are adopted throughout households and communities. While the breadth of
analysis, both econometric and field based, is immense, bringing greater IDT-based
studies into the literature can have great benefit to better understanding the essential
multivariant dynamics of rural electrification. With this, we turn to Tanzania and the data
used for this research.
3. Study Reasoning and Data Selection
3.1 Tanzania Case Study
Tanzania was chosen given its relevant importance and contributions to current
demographic economic trends within SSA as a whole. It is the fifth most populous
country within the region, and with a population growth rate of approximately 3.0% per
year, it has one of the fastest growing populations in the region (World Bank, 2020).
Meaning, the region as a whole will have a higher portion of Tanzanians in the years to
come, making the impacts of those living in this country today very influential to the
overall future of SSA.

Figure 3: Map of Tanzania (CIA, 2020)
Economically, Tanzania has grown at a faster rate when compared to similar
regional counterparts. From 2002 to 2016, the average GDP growth rate was about 7%
per year: making it among the highest in the region (World Bank, 2020). However, the
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country and its economy are not without many of the endemic challenges facing the
region. GDP currently stands at approximately $61 billion USD, and GDP per capita at
$1,172 USD (World Bank, 2020). This is about 16% the size of the South African
economy as a whole, and approximately 17% the size of the South Africa GDP per capita
(World Bank, 2020). While South Africa’s economy is more modernized and globally
integrated than Tanzania’s, in terms of population (58 million people for Tanzania, and
59 million for South Africa) and land area (364,000 square miles for Tanzania, and
470,000 for South Africa) (World Bank, 2020). Additionally, both countries have rural
populations greater than 30 percent of their total (Wotld Bank, 2020). Therefore, making
the distinction in electrification and economic progress an interesting regional
discontinuity.
The reasons for the lack of development and a more efficient economy, even in
the midst of recent success, are a complex combination of many factors including
colonialism, failed socialist agriculture programs following independence, an export
reliant economy, and potentially going forward, the lasting impacts of COVID-19.
However, for the scope of this article a remarkable detriment to development is apparent:
electricity access.
The below figure compares the total electrification rate over the past thirty years
between Tanzania, SSA, South Africa, and the global average (United Nations, 2020).
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Figure 4: National Electrification Rates by Country (IEA, 2020).
As the data shows, approximately 36% of the total population had access to
electricity in Tanzania in 2018 (the most recent data year) (IEA et al. 2020). This is 11
basis points lower than the sub-Saharan African regional average, and a remarkable 54
basis points below the global and South African averages.
Figure 5 compares the total rural electrification rate over the same time period
between the same regions and global average (IEA et al., 2020). The Tanzanian
electrification rate drops to only 19% of the total rural population, and again lags behind
the region (27%), South Africa (90%), and the global average (80%) (IEA et al, 2020).
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Figure 5: Electrification Rates by Country (United Nations, 2020).
Additionally, Tanzania is majority rural (65.50%), so a low rural electrification
rate for these regions is impactful (World Bank, 2020). Finally, the upward trend in
electrification starting in 2012, for both the national and rural averages, is a notable
positive change. This increase is a partial result of a shift in public policy within the
Government of Tanzania, the World Bank, regional utilities, and Western aid
organizations. However, it is important to note the positive trend is also correlated with
the declining cost of solar PV globally during the same time period.
Internationally, as a signatory to the Paris Climate Agreement, and nationally with
recent energy master plans (PSMS, 2016) the Tanzanian government is committed to
electrifying its population for reasons of both climate and economics. How successful
Tanzania is at achieving its goals of providing electricity, via sustainable and carbon free
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sources, to its citizens will shape sub-Saharan Africa’s regional, as well as global, politics
and economics for years to come. While these goals are broadcast in the broadest of
forums, they are enacted and impacted locally. Understanding the forces guiding
Tanzanian households’ decisions to adopt electrification can help better inform policies
across the region.
3.2 Data
The dataset used in this analysis is derived from the World Bank’s Living
Standard Measurement Survey (LSMS) for Tanzania. Specifically, the Tanzania National
Panel Survey for both 2010-2011 (Wave 2) and the National Panel Survey for 2012-2013
(Wave 3). Specifically, the role of wealth, education level, female vs. male households,
age, and geographic distance have on electrification adoption
The data source was selected as it is a household-level time series dataset:
meaning the same questions are asked to the same households over a period of years. The
survey asks a series of questions probing at various socioeconomic factors to the
household that broadly include health, education, employment, and wealth assessment,
among other things. The sample size, and household selection, is designed to be
representative at the national level of Tanzanian households and geographies. For this
paper, only years 2010-11 and 2012-13 were used given the completeness of data in these
two years of the data set for the population regarding electrification. As stated above,
data in sub-Saharan Africa on socioeconomic trends over time (at the household level) is
rather challenging to obtain. With this in mind, this dataset has been used in the academic
literature in previous econometric studies to measure rural electrification impacts and
factors (Rahut et al., 2017, Rahut, et al., 2018, Guta, 2018). Hence, it is relevant for this
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research.
It should be noted that the author did not participate in the original survey
composition, nor the field work. If the author did participate in the data selection, more
detailed questions about electricity access would have been suggested for inclusion in the
survey. Specifically, data on costs of electrification, access to subsidies from the Tanzanian
government or aid agencies, and access to credit for technology purchases areunavailable.
Additionally, questions on usage do not allow understanding what the electricity was used for or
why. Understanding these nuanced trends over time would enhance the variables that could be used
in the econometric analysis and more clarity could derive within the IDT framework for adoption.
However, the data available in the survey nevertheless provide valuable preliminary insights into
relationship between various factors, within the IDT framework, and rural electrification.
3.3 Variable Selection
The factors influencing rural electrification are multivariant: therefore, testing
numerous variables is essential to get a complete understanding of the decision making
guiding rural electrification adoption. The past econometric studies using the World Bank
LSMS dataset have already provided robust quantitative results assessing the influence of
several variables on rural electrification adoption (Rahut et al., 2017, Rahut, et al., 2018,
Guta, 2018). The variables selected in this paper were designed to not recreate previous
work. Instead, the variables selected were chosen were guided by three sources of
reasoning: (1) the variable’s ability to represent an IDT attribute (2) the variable’s
representation in the academic literature regarding its documented influence on rural
electrification within SSA and (3) the variable’s ability to represent additional, new,
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research to the quantitative academic research centered on this dataset and rural
electrification, generally.
In total, 16 separate dependent variables were selected from the socioeconomic
data of the Tanzania LSMS dataset. These variables were kept the same in both waves of
the study analyzed. The independent variable tested in the multinomial regression model
was “electric source”: meaning the fuel source of electricity used (Grid, Solar, or None).
A summary of the variables, the IDT attribute they represent, and the anticipated results,
based on review of past studies and the academic literature, is provided in Table 1.
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Variable

IDT SubAttribute

Rural Households

N/A Control
Variable
Compatibility
with Needs
Compatibility
with
Values/Beliefs
Compatibility
with Needs
Compatibility
with Needs
Compatibility
with Needs
Compatibility
with Needs
Compatibility
with Needs
Compatibility
with Needs
Income
Generation
Income Savings /
Generation
Income Savings
Compatibility
with
Values/Beliefs
Compatibility
with
Values/Beliefs
Compatibility
with
Values/Beliefs
Compatibility
with Needs

Food Insecurity
Life Satisfaction
Time in
Community
Computer
Ownership
Electric Stove
Ownership
Cellphone
Ownership
Radio Ownership
Textbook can be
Used at Home
Owns a Business
Uses Mobile
Payments
Access to Credit
Electricity for
Cooking
Electricity, Light
Solar, Light
Home Ownership

Anticipated
Coefficient
Relationship
Grid to No Electric
-

Anticipated Coefficient
Relationship Solar to No
Electric

Anticipated Coefficient
Relationship Solar to Grid

+

-

-

-

+

+

+

-

+

+

-

+

+

-

+

+

+

+

+

+

+

+

-

+

+

-

+

+

-

+

+

+

+
+

+

+

+

-

-

-

+

+

+

+

-

Table 1: Variable Selection for Econometric Analysis
The variables were selected based on the IDT framework, academic literature, and
previous econometric studies. Specifically, “time in community”, “life satisfaction”, and
“food insecurity” were all selected based on their direct relationship to the IDT
framework (Rogers, 1995). First, given diffusive adoption is dependent on the social
hierarchies of a community, understanding the length of time an individual has spent in a
community, can be used as a proxy for the size of their network, and therefore influence
on their adoption decision making for RE technologies. Second, the more satisfied an
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individual is determined to be with their life, the less likely they may associate with
needing to make a disruptive change like adopting a new technology (Rogers, 1995).
Therefore, life satisfaction is used as a proxy for assessing if the technology is compatible
with the beliefs of an individual. Lastly, food insecurity is used as a proxy for the need
assessment of an individual households’ budget for making large investments: if the basic
needs of the household, food, are not met, deciding to invest in an electricity source may
be negatively affected.
The variables of technology ownership (Computer, Radio, electric stove) were all
included given the academic literature’s reported findings of Jacobson in rural Kenya of
the correlation between communication devices and rural electrification (2007). Putting
these variables into an IDT framework can potentially provide greater clarity to how
household’s value their role, and compatibility, with electricity. The mobile phone
ownership, mobile payment variables, and credit access variables are also influenced by
the academic literature findings citing positive relationships between diverse mobile
phone usage, and payment structures, for solar adoption in rural Kenya (Rastogi, 2018).
Business ownership is included given its cited positive relationship with mobile phone
charging business’s emerging following solar electrification in the academic literature
(Kuribi and Jacobson, 2010).
The variables regarding electric light usage, solar light usage, and textbook’s
being used at home were all guided by the findings of Furukawa, Grimm, and the
econometric studies (Rahut et al., 2017, Rahut, et al., 2018, Guta, 2018). Specifically,
with regard to textbook use, additional context was placed on this variable to assess that
households can in fact use the textbooks at home for studying. This was chosen given the
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survey’s focus on where textbooks are housed. Understanding this constraint, may
provide better understanding to the educational values of having light in the evening to a
rural community and fits into the IDT framework’s compatibility with needs attribute.
Lastly, rural households were tested as a dependent variable given the results of
the descriptive analysis of the ETL theory discussed below and the past econometric
results outlining the positive relationship between solar adoption and being “rural”. While
the focus of this paper is on rural electrification both “rural” and “non-rural” households
were included in the total sample size. This was done to both increase the number of
households analyzed in both the regression model and ETL descriptive statistics analysis,
as well as to test for the impact being “rural” has on electrification overall. While rural
areas of SSA have unique challenges for achieving electrification, especially in regard to
distance and geography, the line between a rural household and an urban household is not
completely binary. As many households that live on the periphery surrounding the urban
core of SSA metropolitan areas may be equally as isolated from traditional services as
households in a purely rural environment. Further, during the robustness test of the
regression results the impact of “rural” versus distance was tested with the “rural”
coefficient being substituted for household distance to major population centers.
In summary, the variables selected by no means represent a complete assessment
of the multivariant factors influencing rural electrification. However, they are all selected
given their abilities to directly reflect an attribute of the IDT framework, advance the
academic literature from a new perspective, and be guided by the results of previous
research.

62

3.4 Descriptive Statistics
Table 2 provides the descriptive statistics of the LSMS waves of data used in the
ETL analysis of electrification change year-over-year:
Category
LSMS Wave 2 (2010-11)
LSMS Wave 3 (2012-13)
Focus Area
Tanzania
Tanzania
Study Year(s)
2010-2011
2012-2013
N
1,115
1,115
Grid Supply User
852
914
Solar Supply User
39
93
Table 2: Descriptive Statistics of LSMS Waves, ETL Model
It should be noted that while this research pays distinction to the difference in
electricity fuel source (solar or grid supplied) the total number of solar households in
both years of the data is much lower than grid using households. Table 3 provides the
descriptive statistics of the years used for the IDT regression model analysis. As
demonstrated by thedata, there is a small sample of households using solar electricity in
both waves of the survey.
Additionally, the descriptive statistics show the majority of households in both
years of study lack access to electricity with over 70% of households having no
household source of electricity in each year of study. Grid supply outpaces solar supply
in both years, with over 20% of the population having access to electricity via
TANESCO: the national electric utility for Tanzania. Within the survey, respondents to
the question underpinning these descriptive statistics could only select one fuel type.
Therefore, there may be households who supplement their grid supply with solar supply.
This is tested within the regression model’s inclusion of two dependent variables
representing solar and grid light usage.
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Category
LSMS Wave 2 (2010-11)
LSMS Wave 3 (2012-13)
Focus Area
Tanzania
Tanzania
Study Year(s)
2010-2011
2012-2013
N
3,918
5,010
Grid Supply User
924 (23.6%)
1,232 (24.6%)
Solar Supply User
41 (1.0%)
118 (2.4%)
Other Electric User
8 (0.2%)
22 (0.4%)
No Electricity
2,945 (75.2%)
3,629 (72.6%)
Table 3: Descriptive Statistics of LSMS Waves, IDT Regression Model
The small number of solar households included in this dataset is an area in need
of further research to expand on these results and is discussed in the Discussion section of
this paper.
4.

Methodology
4.1 Method of Analysis Overview
To test the research questions in this paper, two forms of analysis were used.
First, an acute analysis of descriptive time series data was done to illustrate if there is
evidence of the ETL occurring in the short term. Second, a regression model was
conducted to test the impacts of various socioeconomic factors on household fuel type
used for electricity. Following the initial regression analysis, a robustness test was
conducted on the model by substituting key variables to test for impacts on the initial
results. Because the independent variable (electricity source by type) is multinomial and
categorical, a multinomial logit regression model was used for both the original and
robustness regression models. Following coding of the variables, it should be noted all
dependent variables, aside for “Time in Community” and “Life Satisfaction”, are binary
categorical dummy variables.
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While the LSMS study represents a panel dataset, with the same households being
interviewed year-over-year, years 2010-11 and 2012-13 were tested independently. This
was done for two primary reasons. First, data fidelity between years was in question for
the variables selected in this analysis. Primarily due to individuals changing households
year-over-year or other gaps in the data. Second, a small number of households changed
electrification status year-over-year. Instead, given the small sample size, the relationship
of change over time is left entirely to the descriptive analysis of the data within the ETL
framework. As more data is published by the World Bank for subsequent waves of this
survey, the panel attribute of the regression model should be revisited to test for change
in electrification over time in an econometric lens.
For the ETL analysis, a smaller sample of households from the broader groups
within each wave of the dataset was identified and analyzed. These households
represented the households that had available electrification data year-over-year. Using
the same “electricity source” variable used in the regression analysis from the LSMS
data, the households were tracked between 2010-11 and the 2012-13 of the LSMS studies
to see how their electricity choices changed. These choices were mapped on a Sankey
diagram to visually represent if the ETL occurred within this annual time period. Lastly,
the geographic distribution of these households was analyzed in geospatial format to
assess the physical location of the households adopting electricity with relation to the
Tanzanian electric grid.
In summary, to answer the RQs of this paper the econometric analysis utilized
two methodologies: a multinomial regression on key variables to identify influence on
electricity fuel-type and a descriptive statistics analysis to identify year-over-year
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changes in electricity fuel-type. Additionally, the initial results of the regression model
were tested with a robustness test substituting and controlling for key variables to test the
initial results.
4.2 Robustness Methodology
Following the initial test regression models a subsequent regression model was
conducted testing the impacts on the significant coefficient values when key variables
were substituted for similar proxy variables. Table 4 shows the variables substituted in
the robustness analysis:
Original Variable

LSMS Question

Rural Household

1 = Rural, 0 = NonRural

Food Insecurity

1 = Had time in past
12 months of food
scarcity, 0 = None
1 = Business
Owner, 0 = Not

Owns a Business

Robustness
Substitute
Distance to
Population Center

Food Insecurity
Primary Source of
Income, Business
Income

Access to Credit

1 = Member of
Bank Account
credit organization,
Owner
0 = Not
Table 4: Robustness Test Substituted Variables

LSMS Question
Distance in KM
from household to
population center
of at least 20
people.
1 = Had time in
past month of food
scarcity, 0 = None
1 = Reported
Business Income as
primary source of
Household Income,
0 = Did not
1 = Had bank
account, 0 = Not

These variables were chosen to attempt to increase the accuracy of the model, as
well as to determine if these specific variables were properly represented by the chosen
LSMS question in the first model. Further, given the similarities within the variables, the
significant results should hold relatively constant as similar variables are excluded or
included within the model between regression models and waves. Otherwise, the
variables selected may not have been appropriate proxies after all.
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With these additional variables defined, the regression model was re-analyzed
sequentially by substituting each robustness variable and holding all else equal. Once
each of the four robustness iterations was completed, all four variables were included in
the model and run for a final complete iteration to measure their effect on the initial
results. The multiple iterations were done to test for which variables, if any, and a greater
or lesser effect on the initial results than another.
For the Rural Household variable, Distance to Population Center was chosen for
the robustness test as it (A) provided a more granular metric for measuring physical
distance of a household to an area of people and (B) was more objective in the definition
of “rural” versus “non-rural” and instead provided an improved proxy variable for
household isolation. Secondly, the Food Insecurity variable measuring annual scarcity
was substituted for a similar variable measuring monthly scarcity to assess whether the
frequency of a food scarcity of event, had any impact on the significant results of the
model. As increased food scarcity may impact the IDT decision making of the relative
advantage of adopting the new technology if basic needs are not being met. Thirdly, the
Business Ownership variable was further refined to measure households reporting
“business income” as the primary source of income versus “business ownership”. This
was done to test for any discrepancies a household may have with regard to what
constitutes “ownership” and provide a broader variable that may capture more informal
aspects of the economy. Additionally, if a household owns a business, but does not
primarily rely on it for income its role in relative advantage of adoption of electricity may
be diluted versus a household reporting it as the primary source of household income.
Lastly, “Access to Credit” was substituted for “access to a bank account” to provide an
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additional proxy for measuring a household’s knowledge base and ability to work with
traditional capital providers such as banks.
While this research is not a time series regression analysis, the results for each year of data
analyzed are expected to be consistent when compared to the other year. Otherwise, the variable
selected is either a poor proxy, or the variable is not impactful within the theoretical framework and
RE adoption, or something else has changed over time. Therefore, the reported results that answer
the research questions of this paper only reference the significant variable values that stayed, or
gained, significance in both years of the data pre- and post-robustness analysis, as well as had the
same direction of relationship within all models.
5. Results & Analysis
5.1 ETL Analysis: Descriptive Results
First, the ETL analysis was conducted to understand the electrification matters
within the population over time. To review, the academic literature provides that the ETL
for electrification should cause an upward trend towards total electricity use, with
consistent grid-based electricity at the top of the energy ladder. This is primarily because
grid-based electricity is determined to be the cleanest, and most consistent form of fuel.
Solar based electricity, also being clean, but providing an inconsistent form of energy
supply is ranked below grid-based electricity for this analysis. Lastly, lack of electricity is
ranked at the bottom of the ETL.
Households with electricity changes were included in the descriptive statistics
analysis to see how there answer to hh_j18 and hh_i18 “What is household’s primary
source of electricity?” changed between 2010-11 and 2012-13. Table 5 provides
thedescriptive statistic results of electricity fuel type change between years within
electrifiedhouseholds.
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2010-11 Electric
Type
No Electric
No Electric
Solar
Solar
Solar
Grid
Grid
Grid
No Electric

2012-13 Electric
Type
Grid
Solar
Solar
Grid
No Electric
Grid
Solar
No Electric
No Electric
Total
Table 5: ETL Descriptive Statistics

Household Count
145
68
20
6
11
763
5
80
2,661
3,759

Percent of
Households
3.86%
1.81%
0.53%
0.16%
0.29%
20.30%
0.13%
2.13%
70.79%
100.00%

As the data illustrates, only 5.67% (213) of households electrified in any way
year-over-year. The majority of these households 3.86% (145) were households that
electrified from No Electric to Grid. There was hardly any change of Solar Households
going to Grid Households year-over-year (6 households). Additionally, a vast majority
(70.79%) of the population remained without electricity, nor did they have electricity to
begin within, in Wave 3. To show these changes graphically over time, Figure 6 plots the
change in electricity type year-to-year in Sankey diagram format

.
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Figure 6: ETL Sankey Diagram
As Figure 5 illustrates, there is little movement of the solar population in both
quantity year-over-year, as well as moving “up” the ETL to using the grid. Further,
electrification primarily seems to be occurring via grid-based electricity sources.
5.2 ETL Analysis: Geography
Given the strong relationship evidenced in the academic literature between
geography and distance, and therefore cost associated with such distance in electrification
projects, the geographic locations of the households in the ETL analysis were mapped.
These locations were then cross-referenced, with GIS information for the location of
Tanzania’s transmission and distribution electric grid lines. The locations were converted
to a simple heat map to show the correlation of location:
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Figure 7: 2012-13 Grid Household Locations.
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Figure 8: 2012-13 Solar Household Locations

Figure 9: 2012-13 Non-Electric Household Locations
These showed that demonstrate two important factors on RE adoption. First, there
is a high concentration of grid using household in and around the capital, Dar Es Salaam.
This area of Tanzania has a higher overall level socioeconomic development than other
areas, so this could illustrate that higher wealth is also associated with electrification
adoption, as evidence by the econometric studies within the academic literature.
Secondly, the physical distance of transmission (purple lines) and distribution (green
lines) in Tanzania is not as immensely distant from the location of the solar and noneelectric households than previously thought. The heat map sets a radius of 100 miles for a
visible buffer. While the author lacks first-hand knowledge of the physical terrain
associated with these areas, and they very likely are difficult terrain to construct on, this
distance is not any longer than the average distance for rural electric line extension
projects proposed by the REA in the US in the 1930s. This proximity correlation is
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interesting and discussed further below. Additionally, these results guide the robustness
test analysis of the regression to use “distance to population centers” as a proxy test for
“rural” households, as physical distance, not being “rural” may have more of an effect on
adoption.
5.3 Multinomial Regression Model Robustness Test
With the electrification patterns year-over-year understood from the descriptive
statistics of the ETL, we know turn to using the IDT regression analysis. To review, the
ETL framework demonstrate “how” households change electricity type over time. The
IDT analysis seeks to understand, “why” these changes might occur.
First, each iteration of the regression model had a model significance level of
0.000. Alpha for this analysis was set at p = 0.05, therefore, each model represents a
significant improvement in fit over a null model (For 2010-11, X2(32) =179.973, p<0.05,
For 2012-13, X2(32) =262.864, p<0.05). Further, for all iterations of the regression
analysis the Deviance Goodness-of-Fit model yield significance levels of 1.000.
Therefore, with alpha set to p = 0.05, the models fit the data well.
Figures 10-12 show the coefficient interval directions and impacts for all
variables having significant results at the 95% confidence interval for each regression of
the 2010-11 data years. The green bars in these figures represents the original regression
results, the white bars represent the subsequent regression tests (controlling for each
substituted variable), and the blue bars represent the results via all substituted variables of
the regression analysis. If a variable has no bar for an iteration of the regression, it means
during that iteration the variable was not significant at the 95% confidence level.
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2010-11 Coeffecients w/ 95% Confidence Interval
Grid Households vs. Non-Electric Households
FOOD SECURITY
ACCESS TO CREDIT

Tested Variables

USES MOBILE PAYMENTS
OWNS A BUSINESS
Complete Robust

TEXTBOOK AT HOME

Credit Robust

CELLPHONE OWNERSHIP

Business Robust

TIME IN COMMUNITY

Food Robust

LIFE SATISFACTION

Rural Robust

SOLAR LIGHT

Original

ELECTRIC LIGHT
RURAL HOUSEHOLDS
-1.75-1.50-1.25-1.00-0.75-0.50-0.250.00 0.25 0.50 0.75 1.00 1.25

Coeffecient Value

Figure 10: Results 2010-11 Grid Households vs. Non-Electric Households

Tested Variables

2010-11 Coeffecients w/ 95% Confidence Interval
Solar Households vs. Non-Electric Households

Complete Robust
Credit Robust

CELLPHONE OWNERSHIP

Business Robust
Food Robust
Rural Robust
Original

Coeffecient Value
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Figure 11: Results 2010-11 Grid Households vs. Non-Electric Households

2010-11 Coeffecients w/ 95% Confidence Interval

Tested Variables

OWNS A BUSINESS
Complete Robust
Credit Robust
Business Robust
Food Robust
CELLPHONE OWNERSHIP

Rural Robust
Original

Coeffecient Value

Figure 12: Results 2010-11 Solar vs. Grid
The Figures illustrate several variables were significant for each group
comparison made for the 2010-11 data year. For the Grid to None-Electric group, the
most variables demonstrated significant results. The most impactful of these was the
negative correlation of mobile payment use for grid households, positive correlation of
cellphone ownership, negative correlation of solar light, and positive correlation of
electric light. Less variables, only one, displayed significance for the Solar to NoneElectric comparison, with a negative correlation of cellphone ownership. Lastly, a
negative correlation also existed when comparing solar households to grid households
within this data year, as well as a positive correlation for owning a business for solar
households compared to Grid households.
Wave 3 of the dataset was tested in the same manner as Wave 2. These results are
displayed in Figures 13-15.
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2012-13 Coeffecients w/ 95% Confidence Interval
Grid Households vs. Non-Electric Households
ACCESS TO CREDIT

Tested Variables

OWNS A BUSINESS
FOOD SECURITY
Complete Robust

USES MOBILE PAYMENTS

Credit Robust

TEXTBOOK AT HOME

Business Robust

RADIO OWNERSHIP

Food Robust

LIFE SATISFACTION

Rural Robust

SOLAR LIGHT

Original

ELECTRIC LIGHT
-2 -2 -1 -1 -1 -1 0 0 0 1 1 1 1 2 2 2 2 3 3

Coeffecient Value
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Figure 13: Results 2012-13 Grid vs. Non-Electric Households

2012-13 Coeffecients w/ 95% Confidence Interval
Solar Households vs. Non-Electric Households
Complete Robust
Credit Robust

LIFE SATISFACTION

Tested Variables

Business Robust
Food Robust
Rural Robust

ACCESS TO CREDIT

Original
Complete Robust
Credit Robust

RURAL HOUSEHOLDS
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Food Robust
-1.0 -0.8 -0.5 -0.3 0.0 0.3 0.5 0.8 1.0 1.3 1.5 1.8 2.0 2.3

Coeffecient Value

Rural Robust
Original

Figure 14: Results 2012-13 Grid Household vs. Solar Households

2012-13 Coeffecients w/ 95% Confidence Interval

Tested Variables
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Figure 15: Results 2012-13 Solar Households vs. Grid Households
For the 2012-13 data year, some similar and some dissimilar results were
displayed when compared to the 2010-11 data year’s results. For the Grid to NoneElectric comparison, again, the most significant variables were present. Similarly, there
was a negative correlation between mobile payment use, a positive correlation with
electric light use, and a negative correlation for solar usage for grid using households.
Unlike in the 2010-11 year, where the result was absent, the Access to Credit variable
displayed a positive correlation with grid usage when compared to none-electrified
households. For the Solar to None-Electric comparison, the cellphone ownership variable
was not present in the significant results. However, Access to Credit was also a
significant positive correlation with solar households when compared to none-electric
households. Lastly, for the Solar to Grid comparison the business ownership relationship
was inverted, displaying a negative correlation in this data year, when showing a positive
correlation in the previous data year.
In total, these results suggest that there are significant results both within, and
between, waves of the data. As discussed above, we might have greater confidence in the
effects of variables that are consistent across years. As such, commonresults between
years, as shown in Figures 16 is considered to be the final regression results used in the
discussion of this paper. Using this filtering of the results, no results showed significance
between years, and regression iterations, for the Solar to Grid and Solar to Non-Electric
comparisons. This is potentially attributed to the small sample size of the solar group.
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Grid Households vs. Non-Electric Households

Variables Tested

FOOD SECURITY
LIFE SATISFACTION
Complete Robust W3

ELECTRIC LIGHT

Complete Robust W2
Original W3

SOLAR LIGHT

Original W2

USES MOBILE PAYMENTS
-2.00 -1.50 -1.00 -0.50 0.00 0.50 1.00 1.50

Coeffecient Values

Figure 16: 2012-13 Comparison, Grid vs. Non-Electric
6. Discussion
6.1 Summary of Findings
The final regression model used to support the findings of this paper is Figure 16:
the regression results of shared significance and directional effect of the unstandardized
betas between years and robustness iterations. Unfortunately, with this standard of final
review no results from the regression analysis between solar and non-electric households,
or solar and grid households can be used to draw final conclusions. As additional waves
of LSMS survey data become available, expanded research should be placed on the
distinct relationship between solar and grid and solar and non-electric households.
Therefore, when comparing grid households to non-electric household’s food
security, life satisfaction, electric light, solar light, and use of mobile payments all
demonstrate significant findings on electrification. Interestingly enough, the only positive
relationship demonstrated among these variables is that of the “electric light” variable.
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All other variables show a negative correlation with grid households. None of these findings are
unexpected, aside from the negative correlation between mobile payment usage and being a grid using
household. With the positive coefficient in all regression iterations, it is clear that a household using the
grid for lighting are more likely to be gridusing households than non-electric household. This relationship is
not overly surprising, as it is easily inferred that having the grid is needed to use it for lighting. However, it
is important as it demonstrates there is a use of lighting for electricity from the TANESCO grid among the
population. This is important to confirm in academic understanding to aid electric grid policy planners to
understand for what, and when, electricity is consumed, in order to adequately plan power supply to meet
power demand.

Food security as measured by being food insecure in the past year, did not display
consistent significant results in the first regression model for either wave. However, when
measuring food security by being food insecure in the past month , a significant negative
association with being a grid using household in both years of the data was present. What
can be inferred from this displayed relationship, is that more food insecure households
are less likely to use electricity. Households may be more likely to use their constrained
budgets to meet basic households needs first, before prioritizing “derived demands” such
as electricity (Foley, 1992).
The negative relationship of solar electricity for lighting among grid using
households compared to non-electric households is also to be expected. As these
households are demonstrated to also be using grid electricity as the source of lighting.
The reasoning behind this relationship requires future research to understand the
supplemental role, if any, solar electricity provides to grid using households in this
rural environment.
The life satisfaction variable’s negative directional effect on the relationship
between grid electricity and non-electric households is a positive indication of the
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benefits of electrification. This is interesting to provide evidence that electrified
households can self-perceive their overall well-being when compared to non-electrified
households. Outside of quantitative benefits of electrification, this qualitative benefit is
important to document as individual opinions of their well-being are essential to the IDT
framework discussed below.
Lastly, mobile payment use displayed a negative relationship between grid
households and non-grid households. With mobile payment using households being
significantly less likely to be grid households than non-electric households. Despite the
academic literature to the contrary (Kuribi and Jacobson, 2010 this could be attributed to
the fact that grid usage cannot currently be paid by mobile payment systems in Tanzania.
Instead, traditional forms of payment for electricity are used by the major utility
TANESCO. If this system of payments were changed to accommodate the payment
systems used by the rural populations without electricity perhaps electrificationcould
occur more rapidly and equitably.
6.3 : Comparison to Past Results

The academic literature on rural electrification is storied, and with established
assumptions. The results of the regression analysis are at times counter, and at other times
consistent with the results within the relevant academic literature.
Within the non-econometric literature, the retroactive review of past RE projects,
policymakers make direct observation to the role of understanding all the various factors
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influencing communities’ decision s to adopt electricity (Muller, 1944). While the results
of this analysis only yielded significant results in five of the fifteen variables in the final
model tested, the variability between models is illustrative of the complexities that exist
among the numerous variables that influence RE adoption. Additionally, the variability
within the data years and robustness iterations further demonstrates the need for more,
and complete, time series datasets within SSA (Bernard, 2010). Unfortunately, due to the
small sample size of the solar using households, this constraint continued the data
collection gap observed by Bernard, within the solar households yielding no significant
results within all iterations of the regression model.
Of the significant results within the final model, the results of the “use of mobile
payments” are most unique when compared to the academic literature. The IDT
framework suggests that using mobile payments presents some form of relative
advantage for electricity adoption. In that, mobile payments require cellphones, which in
turn need electricity to charge. Therefore, using mobile payments should be positively
associated with electricity use. Additionally, the work of Kuribi and Jacobson suggests a
positive relationship between cell phone and mobile payment usage with solar using
households (2019). With that said, within this analysis the results are negative and
opposite to the results of the literature. This opposite relationship may suggest the
households pay for grid electricity differently than solar households. Perhaps, due to the
payment structures presented to them for the grid service by the electric utility. However,
the academic literature would infer that having the electricity would promote using
mobile payments for other products as well, besides electricity itself. Further research
should be conducted on why this disparity exists within the data. As understanding what
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forms of payment are positively associated with electricity products will better inform
policymakers for how to include RE technologies that are compatible with the
household’s needs, keeping with the IDT framework.
Additionally, the finding that life satisfaction has a positive association with being
a grid using household does not have direct corollary in past academic studies. While the
studies of Furukawa and Grimm could be indirectly related to life satisfaction findings
(given the positive relationship of education’s ability to increase livelihoods), that
inference cannot be directly asserted. Within the IDT Framework, its presence in the data
can be expected. As self-reported opinions of one’s present livelihood impacts that
individual’s assessment of their future life satisfaction once a technology would be
adopted. The importance of these findings could be impactful to the field of RE, as
demonstrated by Pearson and Webb’s argument for greater project focus on
understanding how RE projects positively impact the rural poor (Pearson and Webb,
1987).
Comparing past econometric studies from the academic literature to this study,
one variable’s lack of significance stands out: the rural variable. Rural households, or
remote households in the robustness test, displayed a positive correlation between more
remote houses being more likely to be solar users than non-electric households, but did
not do so significantly. The smaller sample size of households within this narrow view of
two years of the LSMS data, compared to the broader intra-country datasets of other
econometric studies, could be one reason for this unexpected finding. However, as shown
by the mapping data, a large presence of households within this dataset were located
around the Dar Es Salaam area and in relevant proximity to electric infrastructure. This
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may suggest that when viewed in the IDT framework, other variables are more impactful
to adoption than being rural. This could be a hopeful finding, if found to be true in further
research, in that it suggests distance could be less impactful to RE adoption than
suggested by previous studies.
The positive relationship between grid electricity and grid usage is consistent with
the econometric and field academic literature. While studying solar lighting only, the
Furukawa and Grimm studies show lighting plays an important role in RE adoption. The
relationship is also consistent with the econometric studies of Rahut and Guta, et al.
(2017, 2019) who found a positive relationship use of electricity for lighting from either
grid or solar supply sources.
Lastly, food security’s negative associated with grid households also follows the
results of the econometric studies. All econometric studies in the academic literature
suggest that higher income households are more likely to be adopters of electricity
technologies (Rahut et al., 2017, Rahut, et al., 2018, Guta, 2018). Additionally, as income
increases the likelihood of electricity adoption is also assumed to increase (Rahut et al.,
2017, Rahut, et al., 2018, Guta, 2018). In this sense, food security could be viewed as a
parallel variable to income. As higher income households are likely less apt to be food
insecure. Given as food security increases, the likelihood to be a grid household vs. a
non-electric household decreases within this analysis, these results mirror the income
effect demonstrated by Rahut and Guta et al. (2017, 2018).
In summary, the results of this regression analysis are mixed with what could be
assumed by the academic literature. Despite not demonstrating significant results
universally among variables, the variables that do demonstrate significance do so in such
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a way that is concurrent with the IDT framework, past econometric studies, and past field
studies. The exceptions that are counter to the academic literature are the negative
relationship between mobile phone use and grid payments, and the absence of
significance in the rural variable among the dataset. Further research on both of these
relationships should be explored as more LSMS data is published.
6.4 : Research Questions

The first three research questions all center on the IDT attribute framework. For
review, food security and life satisfaction were both associated with representing the IDT
attribute of Compatibility and Compatibility with needs, specifically. Electric Light and
Solar Light were both associated with representing Compatibility and Compatibility with
values, specifically. Lastly, Use of Mobile Payments were associated with Relative
Advantage. Given the prevalence of each of these variables in the final regression model,
it can be asserted that each of these IDT attributes plays some role in the decision to
adopt grid solar compared to non-electric households. Given the absence of significant
results, no direct conclusion can be made on the choice of different types of
electrification between solar and grid households within the IDT framework.
With regard to food insecurity, the results show that as food insecurity becomes a
more recent, and therefore a more pressing need within a household’s budget, the
likelihood of adopting a new technology such as grid-based electricity becomes less
likely. In other words, the new technology is less compatible with the needs of the
households. In conclusion, the findings on the impact of food insecurity support that
competing needs influence adoption to some degree. If the adopted technology cannot
solve the gap in basic need that is presently absent from a household, such as food
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insecurity, there is diminished value placed on the adoptive technology.
Mobile payment use, as discussed above, may not provide relative advantage to
the household if the payment structure for grid-based electricity does not support mobile
payment use.
While not all of the variables selected displayed significant results in the final
regression model, the IDT framework as a device to guide selection of variables, was still
important for arriving at the significant findings. Understanding the compatibility and
relative advantage factors on grid using households provides some new perspectives to
the academic literature surrounding diffusive adoption.
6.5 : ETL Results

In review of the descriptive statistics, the ETL is moderately present within the
population. Between Wave 2 and Wave 3 a total of 213 households electrified via either
grid electricity or solar electricity. However, 77 more households electrified via the Grid
than solar. Meaning these households did not “step up” the ETL to solar before going to
grid electricity. Additionally, within the population only .16% of households moved up
the ETL from solar to the grid. Inversely, only .13% of grid households went down the
ETL to solar. That being said, 80 grid households did lose electricity access between
years. This figure is still markable lower than the number of grid using households that
kept electricity access year over year (763).
These results suggest that the ETL did exist within the population, as gridhouseholds did remarkably keep using grid electricity year over year. Additionally, a
larger number of households that previously did not have electricity did adopt grid
electricity. This movement does represent an upward trend along the ETL. However,
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there is little evidence that solar was a step on the ETL towards grid. As very few solar
households moved towards using grid electricity between years. This is evidence of either
preference for the grid compared to solar, if it is available to the household, or that solar
does not enable future grid connections as well as the academic literature and previous
studies may suggest.
A key variable in assessing these results is geography. As availability of the grid
may or may not be present within certain communities, and therefore the choice of
electrification is less of a categorical choice between grid or solar and is more binary.
However, the geospatial analysis provided illustrates evidence that is counter to this
observation. As shown within each heat map, households that adopted solar were within
some proximity to the Tanzanian grid. At the same time, the majority of grid connections
were based in the urban area around Dar es Salaam. What is absent from this analysis is
testing for electricity availability. As in rural areas, the grid may be intermittent, despite
being present. All else being equal, these scenarios may have supported adopting solar
energy. Especially if this resource was a less expensive upfront investment. The
geospatial representation may support that geography is less impactful to electrification
adoption, and other variables that influence choice are more impactful to determining
electrification.
An important policy question emerges from the geospatial placement of solar
households: What is the marginal cost of extending the grid to these households who are
using solar? While the answer is beyond the scope of this analysis, the relevant proximity
of the grid in the geospatial analysis to solar households should be considered when
implementing a rural electrification project based in solar. As the ETL data does not
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support that households regularly move up from solar to grid based electricity, ensuring
this question is asked could preemptively guard against households being stuck in a
subsistence level of energy poverty when upfront investment has been placed on a solar
PV kit instead of longer-term planning of getting the grid to the household.
6.1 Discontinuity in Data
The results show that both direction of the effect, and significance, changed year
over year within each wave of the data analyzed, and also changed with robustness tests.
Changes in significance between iterations of the regression model could be attributed to
the small sample sizes among the solar population, as well as changes in the population
over time. However, when the direction of the relationship changed between data years, it
could be inferred that the variable was not a good proxy for the attribute represented.
This directional difference is found in the business ownership variable comparing
Grid Households to Non-Electric households. As the directional effect is negative in
Wave 2 of the data: meaning business owning households were less likely to be grid
using households when compared to non-electric households. However, in Wave 3, the
direction of the unstandardized beta was mostly positive (aside from one regression
iteration showing a negative effect) relationship. This discontinuity is unexpected
between years, and out of line with the academic literature on the relationship between
business ownership and electrification. This possibly could be a result of the survey
question. As less difference could have been given towards non-official “businesses”
within these communities that otherwise would account for enterprise activity. The
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robustness variable sought to achieve clarity on this, however, to no reportable effect.

Conclusion
7.1 Research Gaps and Areas for Further Study
This research provides several additional contributions to the academic literature
on consumer adoption of rural technologies and provide insights into the multivariant
factors influencing electrification adoption in SSA. However, there remain gaps within
the study that should be analyzed in future studies. First of which is the expansion of true,
multi-year, time-series study on the changes in daily lives associated with having
electrified. While this data provides multi-year information, it does not specifically focus
on when and how a household adopted a form of electricity. Future studies should study
the impacts of the socioeconomic factors present in this regression over time, to see how
they change the longer electricity is made available to a household.
Secondly, this field of study could benefit from more qualitative interviews on
SSA households and their opinions, beliefs, and decision-making structures on the merits
of a given RE technology. While regression models can use proxy variables to surmise
outcomes, direct questioning over a pole of respondents would be beneficial to truly
testing for the perceived values placed on RE technologies.
Thirdly, future econometric studies should use similar variables and processes
with more recent and complete datasets. As shown in Wave 2 and Wave 3, the majority
of households used in this analysis were either non-electrified or using grid-based
electricity. To truly assess the different decision making to use solar based electricity, a
broader sample size of solar users is likely needed. More recent years of the LSMS data
should be analyzed and compared to Waves 2 and 3 as that data is collected.
Lastly, further studies should expand on this research as more data is published on
the World Bank LSMS dataset for subsequent years. As these years are published, the
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total sample size of solar households should increase. With this additional sample size,
more significant results on solar’s impact on rural electrification may be derived.
Understanding these distinctions, in a multivariant consumer-focused decision-making
model, like IDT is essential to understanding the complexities of RE adoption.
7.2 Final Conclusion
In conclusion, the data of this study show that the analyzing rural electrification
adoption with the lens of consumer adoption has academic merit. Rural electrification in
SSA is complex. It requires sound project investment and technological planning, but no
matter how large or complex a project is, it cannot be successful without the
understanding of how it will be received by an individual household. And what the
stresses and constraints are on that household adopting the technology or not. Policy
makers for Tanzania and SSA should take note that ensuring basic needs are met, such as
food scarcity, is a crucial first step to ensuring a more likely adoption of an electrification
project on a community. What this research suggests, is even in the simplest of human
decisions, such as to adopt something new or not, a multitude of complexity exists for
each individual to arrive at that answer. The more understanding the academic literature
and policy makers have on these complexities, the closer we become to solving the issues
of our time, such as clean rural electrification for the millions of sub-Saharan Africans
currently without it.
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CHAPTER II:
Title:
CLEAN ENERGY AND RURAL ELECTRIFICATION:
A REFLECTIVE PERSPECTIVE
Abstract
Access to electricity is still lacking for millions in sub-Saharan Africa. Recently,
interest in utilizing clean energy resources, such as solar PV, to enable rural
electrification has grown as the cost of these technologies has decreased. Despite the
present challenges to electrify sustainably in sub-Saharan Africa, similar challenges have
been, and are being, contemplated within the historical and contemporary United States.
By combining first-hand experience in the United States’ contemporary clean energy
industry, with a review of contemporary and historic rural electrification and energy
policy, this paper aims to offer reflective opinion on what policies may offer further
success in using clean energy to enable rural electrification through sub-Saharan Africa.
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1. Introduction
The need to promote rural electrification (“RE”) in sub-Saharan Africa (“SSA”) is
driven by economic, political, and environmental reasons. With the decreased cost of
solar PV, and the adaptability of the technology to be deployed at various scales and
within various uses, there has been increased focus on using solar technology to enable
RE. These two trends, the lack of electricity access and the decreased cost of renewables,
synthesize to present the region with both a massive challenge and a massive opportunity.
A massive challenge, in that bringing electricity to millions without requires the
deployment of large amounts of financial capital and political will. A massive
opportunity, in that merging this electrification effort with clean energy deployment
could enable the region to be the first, globally, to use clean energy resources as the
default energy supply source. When combined, these two sets of circumstances offer
unique context for policy action and academic review. However, when viewed separately,
they are not unique to SSA.
Contextually, the massive challenge of enabling RE in SSA today is not dissimilar to
the example of the United States in the 1930s via its RE efforts under the Rural
Electrification Act (“REA”). While the REA was immensely successful, it also had flaws
that hinder clean energy deployment for 21st century America. These positive and
negative lessons could, while having been reviewed and exported to SSA governments
throughout history via Western aid projects, again provide new perspectives when viewed
under the clean energy context.
Additionally, on opportunistic context, not since the times of the REA in the 1930s
has there been such a transformational shift the electric industry like there has been at the
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state level in the United States over the past decade with regard to clean energy
deployment. The author has, during this time period, worked for various private
companies that participated in deploying clean energy within these state-driven markets.
By applying a reflective view of what has worked in these markets, specifically New
York given its aggressive clean energy goals as a state, additional lessons may be applied
to how clean energy could be better involved in the RE planning structures of SSA.
To situate the analysis provided in this paper, the author does not have direct firsthand experience working on RE projects in the SSA context. Instead, the experience of
the author on this subject is relegated to academic research in pursuit of a Master of
Science program. With this gap in experience, it is acknowledged that there are
complexities and nuances preventing RE on the ground that the author cannot be fully
aware of. With this said, it is not the intent of the author to overlook these complexities
and nuances, nor undermine the great work of government and local officials pursuing
RE on a daily basis in Tanzania and throughout SSA. Instead, it is the intent of the author
to provide his first-hand experience working on clean energy projects in the
contemporary US in a professional context, and the research done on historic US policy
in an academic context, in such a way that provides a different reflective opinion that
could be used by these local officials to support their tireless efforts in the pursuit of
sustainable electrification.
With that preference, by analyzing and reflecting three policy environments, the
historic US, the contemporary US, and contemporary Tanzania the below research
question shall be answered:
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● Research Question: Drawing on past experiences, how could policy better
combine clean energy technologies and rural electrification in low-income
countries?
2. Policy Context
Prior to 1935, the socioeconomic challenges of electrifying rural America were
not dissimilar to the challenges facing contemporary SSA: the population was sizably
rural (43.8%), only 10% of rural US farmers had electricity, and the average farm income
($1,107, or $21,002 in 2020 USD) was below the Federal Poverty Level for a family of
four (Muller, 1944; Department of Health & Human Services, 2020). However, by midcentury, the United States increased farm incomes, agricultural productivity, and became
almost entirely electrified (Kitchens and Fishback, 2013). What contributed to the United
States’ success in electrifying rural areas quickly, and cost effectively, was the
introduction of the Rural Electrification Agency (US REA) in 1935.
2.1 Legislative and Regulatory Foundations
At the height of the Great Depression, and with a broad mandate to “initiate,
formulate, administer, and supervise a program of approved projects with respect to the
generation, transmission and distribution of energy in rural areas” President Roosevelt
signed Executive Order 7037 creating a directive for a new federal agency to be entitled
the “Rural Electrification Administration” (Executive Order 7037, 1935). Like the
climate-driven catalyst to electrify sustainably in contemporary times, the catalyst for
broad Federal action on electrification was to enable greater economic development of
America’s rural areas in response to the economic crisis of the Great Depression.
Even after the Agency was codified in law via the Rural Electrification Act of
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1936, it remained sparse on directive legislative mandate for both its goals and lending.
As stated by the US REA Secretary in a 1937 report to Congress, the US REA at its core
was established to “make loans to build distribution lines to take electricity to farmers
who are able to pay for service but have been left without it” (REA Report, 1937). By all
intents and purposes, the US REA was an agency of the Federal government designed to
administer loans to electrify rural areas. The lending mechanism of the REA is not the
origin of its success and directly worthy of policy emulation, it was how its lending
occurred.
2.2 Agency Structure
Bureaucratic structuring is rarely a noteworthy topic. However, the innerworkings
of the REA have potential merit for discussion within the context of contemporary RE
policy review. The original management structure of the US REA had 6 divisions: The
Examining Division, Legal Division, Engineering Division, Utilization Division,
Information and Research Division, Finance Division, and the Management Division
(REA Report, 1937). First, the Examining Division would serve as the basis of analysis
for socio-economic viability of the project (REA Report, 1937). What is perhaps the most
notable fundamental of the REA, is the vast majority of project and loan applications
(>75% of applications) were from cooperative projects, versus privately owned utilities
or other companies (REA Report, 1937). Specifically, of the 327 total projects approved
in 1937, 249 were to cooperatives, or $54 MM out of $60 MM in total REA funds (REA
Report, 1937). As demand for funds exceeded initial expectations, the role of the
Examining Division was not to indicate where development should occur, but to “direct
the perfecting of projects, in organization, power supply, and provision for the prompt
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and effective use of electricity, before funds are allotted to build them” (REA Report,
1937). Further, the original Development Division of the REA was abandoned in 1937, as
demand for projects “arose spontaneously”, shifting the need away from identification of
projects, to “stewardship” of project demand (REA Report, 1937). Essentially, this
division worked with, and relied upon local agents (rural cooperatives) to bring forth
projects, and then de-risked and standardized the proposals for financial success and loan
approval by the other divisions of the agency. This is a key function of the initial
development approach of the REA, as by relying on cooperative created demand, the
enthusiasm and local support for projects was from “bottom-up” and not “top-down”.
Collectively, the manner in which these different divisions of the REA worked
together to achieve the mission of the REA enabled electrification of 25% of United
States farms by 1939, with only 10% of them receiving electrification pre-REA (REA
Report, 1939).
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Figure 1 below illustrates the framework workings of the REA in conceptual
format:

Figure 1: Conceptual Framework of REA
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1.2 Market Structure: Rural Electric Cooperatives
As mentioned above, the primary agency in which REA loans were applied for,
disbursed, and projects built was the rural electric cooperative (REA Report, 1939). After
nearly five years, the typical REA loan application was for 500-800 miles of distribution
lines, operated by a rural electric cooperative, and served 1,200 to 2,000 members after
its first year of energization (REA Report, 1940). What is most notable about the rise of
rural electric cooperatives as the primary agency receiving REA loans, is that their
successful use of the program was not a public policy mandate, but instead was a result of
market forces.
Rural electric cooperative competitive advantage can be attributed to two main
forces: (1) the elimination of the profit motive, and (2) democratic engagement. With the
elimination of a profit motive, rural electric cooperatives were able to cover thinner, less
profitable territory than traditional privately held utilities (REA Report, 1940). As the
Secretary commented in the 1937 Report to Congress, “The real reason many of the
5,500,000 unserved farm families have not been able to enjoy the economic and social
advantages is that private utilities have monopoly control of its (electricity’s) sale…that it
would not be profitable to sell electricity to farmers” (REA Report, 1937). With the large
cost associated with running electric lines to rural areas, the core focus of a cooperative to
“...need only take in sufficient revenue to meet its expenses and amortize the loan”,
allowed communities to have an efficient agency model that could focus on service, and
less on the business case for the electricity (REA Report, 1939).
Secondly, the democratic nature of the rural cooperatives allowed the REA loans
to be initiated from the members of the communities themselves. As put by the REA
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Secretary, the rural cooperatives base is “community, not a commodity” (REA Report,
1940). This agency model allowed for farmers to take control of their own desire for
electric service, and by being members of the investment, be directly involved in its
involvement and success overtime. This is directly illustrated above, as with the rural
cooperative model, the REA abandoned the Development Division as it consistently
received more self-created loan applications than it needed (REA Report, 1937). This
platform, combined with the guidance offered by the Utilization and Legal Divisions for
formation, allowed a low barrier to entry for farmers to create cooperatives, as typical
loan applications consisted of a “group of farmers” that had “only a vague idea of the
procedures necessary for establishing an organization legally qualified to build and
operate an electric power system, and hence to borrow Government funds for the
purpose.” (REA Report, 1940). Put simply by the REA, in its 1939 Guide for Members of
REA Cooperatives, “You have only yourself to blame for how your project is being run,
if you do not come to meetings” (1939). Thus, by enabling direct involvement,
ownership, and management the REA was able to use democracy to apply loans to
projects that were welcomed by the community and that the community was directly
responsible for maintaining.
1.3 Summary of Successes
Unlike the policies of contemporary New York and Tanzania, the policies of the
Rural Electrification Administration can be looked at ex post facto. On the whole, the
program and lending carried out by the REA was a success in its time and enduringly
over the 20th century. In a 2013 study, Kitchens and Fishback found that almost all REA
loans were paid on or ahead of schedule and the program increased agricultural
productivity and decreased infant mortality (2013).
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Remarkably, the REA was able to electrify 90% of American farms within 10years, with loans paid on time, and without substantial cost to the Federal government for
its amount of capital invested (Lewis and Severini, 2017). All while increasing
agricultural productivity and raising rural property values throughout rural America
(Kitchens and Fishback, 2013). It is the opinion of the author, from his review of the
academic literature, that this success can be attributed to several factors, but two primary
reasons: consolidated and direct investment by the Federal Government, and the rural
electric cooperative institutional model. In other words, the successful electrification
effort in the US was a unique combination of capitalism, democracy, and social
community development.
1.4 Summary of Failures
Where the rural electric cooperative did provide an efficient agency structure
(cooperatives) to enable RE to occur during the 20th century, in the 21st century the model
has created a challenging environment for the clean energy transition. Rural electric
cooperatives have created a splintering of America’s electricity jurisdictions within
states, making cohesive standardization for renewable energy projects challenging.
Additionally, for renewable energy projects to offer energy supply pricing at rates that are
attractive to electric utilities, projects need to be of appropriate scale. To reach this scale,
projects are often located in rural areas which tend to be operated by rural electric
cooperative at the distribution level. Given these cooperatives were set up to serve small
rural populations, the demand for clean energy is low, yet the resource potential in these
regions is high. This disconnect remains a challenge when siting renewable energy
projects throughout the US. The REA planners of the 1930s could not have foreseen this
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need, given the absence of climate policy during this era, however it remains an issue
none-the-less.
3 Contemporary African Policy Context: Tanzania
Like the US in the 1930s, Tanzania’s total electrification rate is far below its
contemporaries (World Bank, 2020). This issue has been the focal point of the
Government of Tanzania, World Bank, USAID, and regional utilities for several years
and has been the source of considerable investment, research, and initiatives. This focal
point is manifested in the National Electrification Program Prospectus of 2016, which
while being a Tanzanian document, was developed in partnership with the Norwegian
International Aid organization (Innovation Energie Developpement, 2016). The Plan has
a stated goal of reaching 50% of total population electrified in by 2020 (most recent data
shows this will not be met) and 75% by 2035 (Innovation Energie Developpement,
2016). There are three core foundations of the Plan: (1) using the existing Rural Energy
Agency to facilitate the entire program, (2) a Rural Energy Fund exists and (3) the
regulatory foundation exists (outlined above) for private sector developers to engage in
rural electrification (Innovation Energie Developpement, 2016). Additionally, the Plan is
very focused on promoting private (meaning non-government or utility owned) electricity
generation to participate as the least cost fuel supply sources to enable rural
electrification.
The goals for clean energy in Tanzania are separate from the goals of RE.
Nationally, there is no legally binding renewable energy commitment as is common in
contemporary US state-level clean energy policy. Internationally, Tanzania is committed
to the terms of the Paris Climate Agreement and formally ratified its involvement in the
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agreement (United Republic of Tanzania, 2015). The Intended Nationally Determined
Contributions (INDCs) Tanzania submitted as part of the Paris Climate Agreement
outline that Tanzania will commit to “enhancing the use of renewable energy potential
across the country”, “promotion of clean technologies for power generation, and diverse
renewable sources such as geothermal, wind, solar and renewable biomass” while
reporting rural electrification (United Republic of Tanzania, 2015).
How are these combined goals, of rural clean electrification, being enabled on the
ground? According to research by Bishoge, Zhang, and Mushi, there are several
challenges on this topic facing Tanzania (2018). Principal among these constraints is a
poor institutional framework for investments, as electricity supply is heavily centralized
to TANSECO (Bishoge, Zhang, and Mushi, 2018). Additionally, the current grid is
heavily designed to support a centralized source of energy, such as hydropower and
natural gas, as these have and continue to be seen as the real focuses of economic
development by Tanzanian politicians in recent years (Bishoge, Zhang, and Mushi,
2018). Additionally, Aly Et Al, in a 2019 qualitative research assessment to the barrier of
renewable energy deployment in Tanzania also found that Tanzanian officials are
skeptical of the ability of renewables to provide consistent power supply. However, Aly
cites that these politicians are very interested in rural electrification programs, as these
programs provide them positive political gains with voters (Aly et al., 2019).
2.2 Legislative and Regulatory Foundations
Outside of goals, Tanzania does have foundational legislation and regulation
working every day to promote RE and clean energy. As discussed above, Tanzania, like
the US in the 1930s has a Rural Energy Agency (“REA”) with the mandate to advance
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rural energy development throughout mainland Tanzania. The mandate of the REA is to
ensure that “sustainable development shall be achieved when modern energy services in
rural areas are promoted, facilitated and supported through private and community
initiative and involvement” (Rural Energy Act Part II Sec. 4 (b), 2005). The REA
primarily functions through the Rural Energy Board (“REB”) which has oversight in
providing “technical assistance” to project developers of energy projects and “allocating
grants in an efficient and competitive manner” (Rural Energy Act Part III, Sec. 6 (2) (ab), 2005). This power gives the REB the authority to set the procedures and criteria for
developers to be eligible to receive grants for rural energy projects (Rural Energy Act
Part III, Sec. 11 (2) (a-b), 2005). Lastly, the Act puts forward the establishment of a Rural
Energy Fund (“REF”) for providing grants to qualified developers of projects (Rural
Energy Act Part V, Sec. 17, 2005). With respect to renewable energy, these funds may be
used for “investments in innovative pilot and demonstration projects when development
partners make special purpose funds available for that purpose” (Rural Energy Act Part
V, Sec. 17 (d), 2005). For the most recent financial year available, 2016, the Rural
Energy Fund had a total operating budget of approximately just $150,000 USD (REA
Annual Report, 2016).
Tanzania has the basic legal foundations for clean energy producers to participate
in the generation portion of the electric market (The Electricity Act, Part II Sec. 4 (2),
2016). Despite this foundation, as evidenced by the interviews of Aly, government
officials are skeptical of overly contracting for fuel supply from renewable energy
resources and as such clean energy’s role in rural electrification is somewhat disjointed
(2019).
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2.3 Summary
Tanzania has the beginnings of a core policy framework to not only provide
electricity to the millions currently without it, but to do so via clean, renewable sources.
However, there appears to be a gap in practice for a combination of RE goals and
promoting clean energy technologies. Within this gap, is a potential future policy
framework that promotes more electrification, using clean energy technologies.
4 Reflective Discussion
3.1 Contemporary US Clean Energy Programs
The US sits in a pivotal time for clean energy deployment. As pivotal a time as it
sat at the start of the REA in 1930s. However, unlike the 1930s there is minimal Federal
action on this topic. Instead, the action to promote clean energy resources is left to the
various states. The author has developed renewable energy projects, mainly solar PV, in
at least 6 different states. Contrary to the outside view, these states are not the sunniest in
America. In fact, they are some of the least sunny regions in the country: Maine,
Vermont, New Hampshire, and New York.
Why do these cloudy states promote solar energy? The answer is state-mandated
policies. Absent Federal action, states have taken legislation action to mandate renewable
energy deployment by certain dates. These mandates, commonly referred to as
Renewable Portfolio Standards (RPS) take various different forms between states.
However, they all are legally binding and have economic consequences for not being
met. These consequences, via payments for non-compliance by electric utilities,
underwrite the need for state-led renewable energy programs that allow for private
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development of renewable energy resources of all sizes: Vermont net-metering, New
York Community Solar, Massachusetts SMART, or Maine Community Solar to name a
few.
While none of the states the author has worked in have perfected how to deploy
clean energy (far from it in some cases), they all have made sizable strides towards
meeting their goals through market forces. The importance of the legally binding goals
should not be understated. While policy creates the need for clean energy in these states,
financial capital creates the clean energy. Without regulatory certainty, the projects
developed by this author would not have occurred. By having the states of New York,
Maine, or Vermont back programs with legislation and regulation, renewable energy
investors, be it an institutional investor for a 5 MW utility-scale project, or an average
homeowner taking out a home equity loan for a residential solar system, can warrant their
investment by knowing the structure for which their energy will be valued within the
regulatory structure. This is essential for renewable energy, as the cost of fuel is free, but
the upfront cost of the equipment is not. Additionally, the amount of energy produced is
not defined, so knowing how much the value will be when it is produced, is essential for
justifying the economic decision to create the renewable energy project.
From these state programs, the author believes two trends should be considered in
the clean RE discussion. First, the private market for clean energy projects works. And
works well. When regulatory structures are well understood and economically viable,
there is often an oversupply of interested financial capital to invest in an undersupplied
number of projects for a given state.
Secondly, the private market follows direction from the state regulators well. As
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solar deployment has increased in New York, the value of solar has decreased (due to
grid congestion and “peak” load for utilities coming in winter, rather than summer). To
combat this, the state created a geographic and technical based rate structure that
promotes certain types of projects (i.e., projects combined with battery storage) with parts
of the grid that benefit from more solar (high demand centers like Long Island). With
these pricing signals, development of projects has shifted in New York to almost as a
default include battery storage.
What these two trends support is that the US renewable energy the author has
worked is not building a new grid. Instead, by reason of economics, and said economics
being shaped by policy, clean energy is being integrated into the grid supply mix. In
doing so, private capital is leveraged to meet public demand in a relatively efficient
manner. Notwithstanding the foregoing, this structure has created a culture of speculation
in some instances to the detriment of achieving the public policy goals of each state.
However, what is critical to the conclusion of this paper is that nearly none of these solar
and renewable energy projects are off grid. Even residential solar systems in these states
do not replace the grid for homeowners. Instead, they make the homeowners more
intimately involved with the electric grid. Often via regulatory structures like netmetering, which allows households to ebb and flow energy between home consumption
and export to the grid.
It could certainly be argued that this grid integration structure is occurring in the
US and not SSA due to the fact that the US has already achieved RE and electrification
broadly. While that is true, it does not capture the entire basis of the reasoning for these
projects’ emergence. They have emerged to be a part of the energy supply mix and
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required to exist via the legally binding commitments of the states.
5 Conclusion

Taking into consideration the above policy analysis and reflective discussion, we
return to the original research question of this paper: how could policy be changed to
better combine clean energy technologies and rural electrification in developing
countries?
The frank reality of RE and clean energy deployment is that both require large
amounts of financial capital. For the US to achieve its RE goals in the US, it required
Federal legislation and the equivalent of over $1 billion in today’s dollars. This action,
while in the national interest for a number of years, required the greatest economic crisis
in the country’s history to compel public dollars to be spent to address the issue. The
costs to electrify rural areas in Tanzania in its government planning are not an order of
magnitude different than these costs incurred by the US. However, the difference is
where this capital comes from.
For better or worse, foreign aid organizations have a remarkable presence in RE
and clean energy planning in SSA. Tanzania, as exemplified by NORAD’s authorship of
its RE Plan, being no exception. This foreign aid organization represent large sources of
financial capital for SSA governments to utilize to achieve clean, RE goals. However, too
often the focus of these foreign aid organizations when speaking on clean energy are
misplaced. Instead of focusing on how clean energy can be integrated to the SSA electric
grid, focus is placed on small scale, off-grid, solar PV kits for subsistence energy use.
This focus not only potentially “traps” SSA residents in energy poverty, but it also
directly undermines the economic viability of clean energy as a reliable and cost-efficient
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fuel source in energy planning as evidenced by the author’s partnership in state-level
clean energy markets in the US. The alternative vision the author proposes is to challenge
foreign aid and SSA governments to view clean energy sources of energy as the most
economical fuel source of choice for RE. And by doing so, enable the private sector to
develop clean energy projects that support the governments’ RE goals in specific regions.
To credit Aly’s qualitative research, this shifting of focus would merge political goals of
both parties (foreign aid promoting clean energy, and Tanzanian politicians wanting RE
for political reasons) in better productive alignment.
Central to this new vision is the emergence of a new agency to promote RE in
SSA, using successful example from the past: the electric cooperative. As discussed
above, the rural electric cooperative was the principal agency used to achieve the
objectives of the 1930s REA. This agency has not been replicated in modern Tanzania’s
path for rural electrification. The success of the cooperative is rooted in two primary
sources. The first is the removal of the profit motive for the utility’s operations, thus
lowering the cost to administer the electric lines of an RE project. The second is the
cooperatives direct involvement, and self-promoting facilities, for local officials to drive
their own development.
Tanzania is consistently ranked in the lower percentile of democracy indexes and
lacks direct political freedoms or federalism (Freedom House, 2020). This combined with
solvency issues of TANESCO, potentially hinders communities from being able to
advocate, administer, and run their electric futures as they were able to do so in 1930s
America. It also hinders private investment in energy generation projects, given
regulatory uncertainty. Additionally, using outside aid studies and analysis to target
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where electrification projects will go appears to be somewhat divergent and potentially
misguided from the successes of 1930s America. As an enabling environment that allows
communities to at least apply for funding, or advocate their own projects, is shown to
have success in the largest electrification effort undertaken in modern history. Advocacy
and direct involvement by all stakeholders are central to the climate-related bills passed
in New York, and other US states the author has worked in, to address renewable energy
goals. This advocacy work was essential, especially given the lack of Federal action on
promoting clean energy over the past decade. Enhancing democratic involvement
holistically across all areas of rural electrification development could have the potential
to enact more substantial enabling legislation and goals to sustainably meet rural
electrification targets. On this topic, further research should be conducted on the
relationship between democracy and rural electrification.
What of the private sector then? It has the proven means to develop and finance
renewable energy projects throughout the world. The same may occur in Tanzania if the
right conditions are created for reliable investment. And in doing so, clean rural
electrification could occur. Instead of being an alternative to grid extension, solar energy
could become the underlying energy supply with which the grid is integrated through
SSA. While the non-private rural electric cooperative appears to be the most efficient
agency to administer rural electrification projects, it need not be the agency for energy
supply. Instead, combining those potential efforts with programs that allow the private
sector to develop, operate, and sell renewable energy projects would help those rural
electric cooperatives procure energy at low-cost. What is most exciting, and apparent
from the author’s review of the academic literature, is countries like Tanzania have the
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essential policy frameworks to make this vision a reality through the existence of the
REA and REB. This potential synthesis may be unlocked with further involvement from
the Tanzania REA and private-sector developers of mini-grids or enabling the existing
requirement for private developers of energy projects to contribute to rural electrification
that exist in the latest EWURA rules. This model has worked in the US’ contemporary
clean energy deployment.
In conclusion, development of any level of socioeconomic importance is
challenging. This paper shows that sustainable rural electrification is no exception. The
past, and contemporary experiences in the United States provide policy lessons learned
for SSA countries, like Tanzania, to analyze as they embark on the next great challenge
of rural electrification in the 21st century. Fortunately, this challenge is occurring at a
time when renewable energy resources are cost competitive, and their deployment within
a rural electrification plan truly could be carried out in unison, not in competition.
Ultimately, the final lessons for achieving sustainable rural electrification are not directly
confined to a specific technological answer. Instead, the answer lies in enabling
democracy, law, institutions, and the private sector to work in unison to support
community-led development needs. What the author has learned from his time in the US
clean energy industry, is technology can be deployed rapidly. Ensuring the correct policy,
and economics, are in place first is the hard part.
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FINAL CONCLUSION
Through the process of writing this thesis, one common element emerged. Rural
electrification is not a unique form of community development. It is multivariant,
complex, and challenging. It is relatively easy to sit in one part of the world, with a
dataset of socioeconomic variables or peering through past statutes and regulations and
make conclusions about what influences rural electrification. However, this analysis is by
no means complete without direct field experience and expansion of the complex daily
realities of the lives of rural Tanzanians by the author.
Chapter I of this work provided some interesting insights via what was found in
the research, and what was unable to be found in the research. Primary of which was the
documented relationship, in both waves of the data, between food insecurity, mobile
payment use, and lighting and grid using households. Mobile payment use was the most
interesting observation, given its negative correlation with grid using households. It
would be a great place for future research to further explore this dynamic so as to better
inform policy makers on what credit tools are used to finance electricity usage and
support comprehensive electricity payments schemes for utilities in emerging countries.
Additionally, the geospatial analysis showed the distance between grid lines and
solar and non-electric households was not as far as previously thought by the author prior
to the research. While every mile of grid extension is costly, and adds to reliable issues
for developing countries, this distance should be continuously tested as the cost
renewable energy declines.
What was absent from the quantitative research was significant results on solar
using households. As discussed, this was primarily due to the limited number of
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households within the sample size. Future research should focus on this difference, to
truly understand the benefits of this electricity source versus grid-based households. As
solar is often promoted by outside aid organization in the developing world, it is essential
this technology is being deployed in the correct manner so aid funds are spent wisely and
promote livelihoods in a sustainable manner.
Chapter II of the thesis allowed for reflective and analytical review of my past
experiences, both professional and academic, to synthesize to a new vision for clean rural
electrification. While again limited in direct experience in the developing nation context,
my past experiences in the clean energy industry in the US presented potential divergent
viewpoints for how to use clean energy to enable rural electrification. The main take
away from this work was the role of democracy in the past, and present, successes of the
US’ electrification and clean energy deployment. As well as the role the private sector
can play in promoting clean energy in the developing world to connect to the extended
rural electric grid, instead of promoting solar “kits” and marginal off-grid renewable
energy.
In final conclusion, I have learned a tremendous amount about sustainable rural
electrification through this process. Through this learning, I believe the articles presented
within this thesis make modest contributions towards advancing the cause of bringing
clean renewable energy to millions in the developing world who currently lack it. The
simplest things in development, such as turning on a light, require tremendous analysis to
understand how best to achieve this simple goal. This thesis, to me, has underscored the
importance to thoroughly understand the daily constraints, challenges, and decision
making of the individual people whose homes the metaphorical lights are intended to be
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installed in. Through this complete understanding, better policy can be created, and
success can be found for our collective benefit as a global population.
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